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greater complexity that exists at the site. EPA notes numerous inconsistencies in the data 

and description that BEI needs to resolve and describe in the RFI. Overall, the data 

suggest a discontinuous silty-sand layer. Modify the description of the silty-sand layer in 

the RFI to reflect these interpretations and modify figure 4.4 appropriately.

Some of the evidence for a discontinuous silty-sand layer include:

a) MW-39 wells installed just West of the site did not encounter the silty sand layer at all.

The borings and cross sections completed for building W-390 indicated that the silty layer 

starts at depths below the ground surface of 5 to 6 feet in four of the five borings. This 

elevation is about 10’ above the silty sand layer encountered in BEFs borings at 112, 104, 

and 113 (the elevation for the silty sand layers from these off site borings have been 

estimated using a ground surface elevation of 5 to 6 feet).

b) The building 390 investigation considered this layer at a depth of 5 to 6’ to be the 

original surface of the cove that was filled. Such an interpretation of the data indicates 

that the sediments below an elevation of about 1 to -1 would be pre-fill and natural in 

origin.

c) Well borings for 107, 109, 112, 115A, 116, 117, 118, and 119 encountered a silt layer 

at approximately a depth of 5 to 6’ below the ground surface. Other borings, W-10, 39-2,

114, TB-2, TB-7, SB-1, and SB-2 also indicated a silt layer about 10 feet higher than the 

surface of the silt-sand layer defined in the RFI.

d) The TB boring data is not included in Figure 4-4. There are also a number of 

inconsistencies for detection of the silty-sand layer between boring logs and Figure 4.4. 

These include:
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well boring log Figure

ffeet) ffeetl

111 -15.2 -21.0

122 -15.4 -13.0

106 -12.1 -9.8

121 -12.0 -11.3

105 -14.5 -12.1

109 -15.3 -14.3

These changes have been made on attached figure 1. Figure 1 suggests a much more 

complicated layer than in BEI’s figure 4.4. The RFI report cannot state that there is a 

continuous aquitard at this site. Correct these discrepancies between Figure 4.4 and the 

boring logs.

e) The well log for 115A indicates an elevation of-12.4 for the top of the silty-sand layer, 

whereas adjacent well 115B indicates the top of this layer at -11.7 and boring 112 is a 

questionable data point because it was only drilled one foot into the silty-sand layer.

1.1 Response to EPA Comment Number 1

Lithologic data gathered from borings installed during implementation of the RFI 

Work Plan and previous investigations at the site indicate that the lithology beneath the 

site can be separated into four hydrostratigraphic units; the surficial sand unit, the silty 

sand unit, the intermediate zone, and the deep sand unit. The surficial sand unit extends 

vertically to approximately 15 to 20 ft below ground surface (bgs) and consists primarily 

of olive to gray, moderately- to poorly-sorted, fine- to medium-grained, unconsolidated 

sand, with laminations of silt, shell fragments, and wood debris along with discontinuous 

layering and heterogeneous lithology common to man-made fill deposits. A discontinuous



silty sand lens was encountered within the surficial sand unit at depths between 4 and 6 ft 

bgs in several borings. A description of the occurrence of these lenses has been included 

in the following response to EPA’s comments. The presence of these discontinuous silty 

sand lenses within the surficial sand unit does not alter our previous conclusion that a 

continuous silty sand confining unit is present beneath the site.

1.1.1 Response to EPA Comment Number la

A silty sand lens was encountered at depths ranging between 7 and ten ft bgs [-0.6 

and -1.8 ft City of Seattle Datum (COSD)] in borings installed during the geotechnical 

investigation performed by GeoEngineers, Inc. (1987) prior to construction of Building 

W-390 (Figure 1-2 of the DRAFT RFI document). However, the silty sand confining unit 

was identified below this silty sand lens in each of the W-390 borings.

An examination of the boring logs from monitoring wells and test borings installed 

on the leased parcel (Appendix E of the DRAFT RFI document) revealed that the silty 

sand unit was present at depths ranging from 12 to 21 ft bgs in all borehole locations. The 

silty sand unit ranges in thickness from 7 to 29 feet and is interpreted to be continuous 

beneath the leased parcel. The boring log for the Port of Seattle monitoring well MW-39- 

3 did not indicate the presence of a silty sand layer, however, MW-39-3 was only installed 

to a depth of 14 feet bgs (-8.5 ft COSD). The silty sand unit was identified at depths of 

15 ft (-9.5 ft COSD), 15 ft (-9.7 ft COSD), 20.5 ft (-14.5 ft COSD), and 15 feet bgs(-9.7 

ft COSD) in adjacent boreholes CP-113, CP-104B, TB-2, and CP-112, respectively. 

These data indicate that the silty sand unit is present between 1 and 6.5 ft below the depth 

penetrated by MW-39-3.



1.1.2 Response to EPA Comment Number lb

Boring logs for CP-116, CP-117, CP-118, CP-119 identified the presence of a silty 

sand lens located within the shallow sand unit between 4 and 6 bgs (-0.4 to 1.1 ft COSD). 
A silty lens was also encountered between 7 and ten ft bgs (-0.6 and -1.8 ft COSD) in 

borings installed during the geotechnical investigation performed by GeoEngineers, Inc. 
(1987) prior to construction of Building W-390 (Figure 1-2 of the DRAFT RFI 
document). It is unclear whether this material represents native sediment or man-made fill 

material emplaced during the development of Smith Cove.

1.1.3 Response to EPA Comment Number Ic

Discontinuous layering and heterogeneous lithology such as the occurrence of 

discontinuous silty sand lenses are common lithologic characteristics for areas containing 

man-made fill deposits. Lithologic logs for boreholes SB-1, and SB-2, indicate the 

presence of silty sand lenses between 5.5 and 8 ft bgs (0.5 to -2.6 ft COSD). Each of 

these boreholes was terminated at 10.5 ft bgs (-4.5 ft COSD), approximately 4 to 7 ft 

above the depth of the silty sand confining unit in adjacent boreholes.

Silty sand lenses were identified between 4 and 10 ft bgs (1.7 to -4.3 ft COSD) in 

boreholes CP-107, CP-109, CP-112, CP-115A, TB-2, TB-7 and in borings installed 

during the geotechnical investigation performed by GeoEngineers, Inc. (1987) prior to 

construction of Building W-390 (Figure 1-2 of the DRAFT RFI document). The silty sand 

confining unit was identified below this silty sand lens in each of the W-390 borings.

A silty sand unit was also encountered at 12 ft bgs (-6 ft COSD) in borehole CP- 
114. Borehole CP-114 penetrated approximately 4 ft into this unit before termination. 
The silty sand unit identified in borehole CP-114 has been interpreted as representing the 

silty sand confining unit at this location.



The lithologic log for Port of Seattle monitoring well MW-39-2 indicates the 

presence of a silty sand lens extending from 8 to 12 ft bgs (-2.6 to -6.6 ft COSD). MW- 

39-2 was terminated at 15 ft bgs (-9.6 ft COSD). The silty sand confining unit was 

identified at elevations of-9.7 and -10.2 ft COSD in adjacent boreholes CP-112 and CP- 

107, respectively. It is unclear whether the silty sand encountered in MW-39-2 represents 

man-made fill or native material, however, interpolation of data from adjacent boreholes 

suggests that the silty sand confining unit is present at this location at a greater depth than 

penetrated by borehole MW-39-2.

Silty sand was encountered in boreholes CP-116, CP-117, CP-118, and CP-119 at 

4 to 6 ft bgs (1.1 to -0.4 ft COSD). It not clear whether the silty sand encountered in 

these boreholes represents man-made fill or native material. However, lithologic logs 

from surrounding wells CP-106B, CP-107, CP-109, CP-110, CP-115A, CP-115B, CP- 

122B, TB-2, TB-3, TB-4, TB-5, and TB-7 indicate that the silty sand confining unit is 

present between 15.8 and 21.4 ft bgs (-10.2 and -15.6 ft COSD) at these locations. 

Interpolation of data from these boreholes indicates that the silty sand confining unit is 

present in the subsurface beneath monitoring wells CP-116, CP-117, CP-118, and CP-119 

at depths ranging between 16 and 23 feet bgs (between -11 and -16 ft COSD.

1.1.4 Response to EPA Comment Number Id

Figure 4-5 from the DRAFT RFI document was revised to include data from TB 

borings and reflect the changes resulting from the re-evaluation of the silty-sand unit and 

Avill be included in the revised document.

The revised Figure 4-5 generally agrees with Figure 1 from EPA’s comments.

1.1.5 Response to EPA Comment Number le



An examination of the boring logs for CP-115A and 115B (Appendbc E of the 

DRAFT RFI document) indicates depths to the silty-sand layer of 18 and 17.5 feet, 

respectively. These depths correspond to elevations of -12.3 and -12.2 ft COSD, 

respectively.

1.2 Revisions to the DRAFT RFI Document

Insert the following paragraphs after existing paragraph three of Section 4.1.2;

Discontinuous silty sand lenses were encountered within the surficial sand unit at 

depths between 4 and 6 ft bgs in several borings. Lithologic logs for boreholes SB-1, and 

SB-2 (Appendix E), indicate the presence of silty sand lenses between 5.5 and 8 ft bgs 

(0.5 to -2.6 ft COSD). Each of these boreholes was terminated at 10.5 ft bgs (-4.5 ft 

COSD), approximately 4 to 7 ft above the depth of the silty sand confining unit in adjacent 

boreholes.

Silty sand lenses were also identified between 4 and 10 ft bgs (1.7 to -4.3 ft 

COSD) in boreholes CP-107, CP-109, CP-112, CP-115A, TB-2, TB-7 and in borings 

installed during the geotechnical investigation performed by GeoEngineers, Inc. (1987) 

prior to construction of Building W-390 (Figure 1-2). However, the silty sand confining 

unit was identified below this silty sand lens in each of the W-390 borings

The lithologic log for Port of Seattle monitoring well MW-39-2 indicates the 

presence of a silty sand lens extending from 8 to 12 ft bgs (-2.6 to -6.6 ft COSD). MW- 

39-2 was terminated at 15 ft bgs (-9.6 ft COSD). The boring log for the Port of Seattle 

monitoring well MW-39-3 did not indicate the presence of a silty sand layer, however, 

MW-39-3 was only installed to a depth of 14 feet bgs (-8.5 ft COSD). The silty sand 

confining unit was identified at depths of 15 ft (-9.5 ft COSD), 15 ft (-9.7 ft COSD), and 

15 feet bgs(-9.7 ft COSD) and 20.5 ft (-14.5 ft COSD) in adjacent boreholes CP-113, CP-



104B, CP-112, and TB-2, respectively. These data indicate that the silty sand unit is 

present between 1 and 6.5 ft below the depth penetrated by either MW-39-2 or MW-39-3.

Silty sand was encountered in boreholes CP-116, CP-117, CP-118, and CP-119 at 

4 to 6 ft bgs (1.1 to -0.4 ft COSD). It not clear whether this material represents man

made fill or native material, however, lithologic logs from surrounding wells CP-106B, 

CP-107, CP-109, CP-110, CP-115A, CP-115B, CP-122B, TB-2, TB-3, TB-4, TB-5, and 

TB-7 indicate that the silty sand confining unit is present between 15.8 and 21.4 ft bgs (- 

10.2 and -15.6 ft COSD) at these locations. Interpolation of data from surrounding 

boreholes indicates that the silty sand confining unit is present in the subsurface beneath 

monitoring wells CP-116, CP-117, CP-118, and CP-119 at depths ranging between 16 and 

23 feet bgs (between -11 and -16ft COSD.

A silty sand unit was encountered at 12 ft bgs (-6 ft COSD) in borehole CP-114. 

Borehole CP-114 penetrated approximately 4 ft into this unit before termination. The silty 

sand unit identified in borehole CP-114 has been interpreted as representing the silty sand 

confining unit at this location.

Replace the second sentence of existing paragraph four of Section 4.1.2 with the following 

sentence:

Boring logs from monitoring wells and test borings installed on the leased parcel revealed 

that the silty sand unit was present at depths ranging from 12 to 21 ft below ground 

surface (bgs) in all borehole locations and is interpreted to be continuous beneath the site.

Replace the seventh sentence of existing paragraph four of Section 4.1.2 with the 

following sentence:

When encountered, the top of the layer was identified at a depth of approximately 24 to 

28 feet bgs (19 to 22 ft COSD) (e.g., TB-4, TB-7, CP-109, CP-115B).



Replace the first sentence of existing paragraph three of Section 4.2.2.1 with the following 

sentence:

The upper confining unit corresponds to the silty sand stratigraphic unit, and is sometimes 

referred to as the silty sand layer or silty sand confining unit.

Add the following to the REFERENCE Section of the DRAFT RFI document:

GeoEngineers Inc.. 1987. Report of Geotechnical Engineering Services Proposed 

Facilities Expansion Seattle, Washington, for City Ice and Cold Storage Company.

2 EPA Comment Number 2

The RFI must discuss that ground water in the shallow aquifer is highly variable and at 

times there are reversals in the flow directions.

2.1 Response to EPA Comment Number 2

Monthly groundwater elevation contour maps of the shallow aquifer for the period 

ranging from February 1992 to August 1993 are provided in Figures 4-6, 4-7, and G-1 

through G-17, Appendix G, of the DRAFT RFI document. An examination of the data 

provided on these contour maps indicates that the dominant groundwater flow direction in 

the shallow aquifer was consistently towards the south-south-west across the site.

Some variations in localized groundwater flow directions within the site 

boundaries were observed. These variations occur most notably in the northern portions 

of the site during the period ranging from February 1992 through November 1992 and 

appear to be an artifact resulting from the contouring of limited data points during this 

time period. This is evidenced by the consistency of groundwater flow direction observed



from November 1992 through August 1993. Groundwater contour maps generated for 

the period from February through November 1992 were produced using data gathered 

from the eight shallow groundwater monitoring wells that existed at the site at that time. 

Groundwater contour maps generated for the period ranging from December 1992 

through August 1993 were produced using data gather from these same eight wells plus 

ten additional wells installed during implementation of the RFI Work Plan.

During February and November 1992 (Figures G-1 and G-9, Appendix G of the 

DRAFT RFI Document) the groundwater flow direction in the northern portion of the site 

appears to have shifted towards the south-east, and almost directly to the south in October 

1992 (Figure G-8, Appendix G of the DRAFT RFI Document). The groundwater flow 

direction in the northern portion of the site appears to shift to the south-west with 

groundwater flow in the southern portion of the site changing to the south during June 

through September 1992 and again in November 1992 (Figures G-4 through G-7 and G-9, 

Appendix G, respectively of the DRAFT RFI document).

f

Groundwater contour maps for the shallow aquifer generated for the period from 

December 1992 through August 1993 were produced using data gathered from all 

eighteen shallow monitoring wells. These data indicate that the groundwater flow 

direction is consistently to the south-south-west across the site.

No reversals in groundwater flow direction in the shallow aquifer were observed at the 

site.

2.2 Revisions to the DRAFT RFI Document

Insert the following new paragraphs following paragraph 2 in Section 4.2.2.3 of the 

DRAFT RFI document.



Monthly groundwater elevation contour maps of the shallow aquifer for the period 

ranging from February 1992 to August 1993 are provided in Figures 4-6, 4-7 and G-1 

through G-17 of Appendix G. An examination of the data provided on these contour 

maps indicates that the dominant groundwater flow direction in the shallow aquifer was 

consistently towards the south-south-west across the site.

Some variations in localized groundwater flow directions within the site 

boundaries were observed. These variations occur most notably in the northern portions 

of the site during the period ranging from February 1992 through November 1992 and 

appear to be an artifact resulting from the contouring of limited data points during this 

time period. This is evidenced by the consistency of groundwater flow direction observed 

from November 1992 through August 1993. Groundwater contour maps generated for 

the period from February through November 1992 were produced using data gathered 

from the eight shallow groundwater monitoring wells that existed at the site at that time. 

Groundwater contour maps generated for the period ranging from December 1992 

through August 1993 were produced using data gather from these same eight wells plus 

ten additional wells installed during implementation of the RFI Work Plan.

During February and November 1992 (Figures G-1 and G-9, Appendix G) the 

groundwater flow direction in the northern portion of the site appears to have shifted 

towards the south-east, and almost directly to the south in October 1992 (Figure G-8, 

Appendix G). Likewise, the groundwater flow direction in the northern portion of the site 

appears to shift to the south-west with groundwater flow in the southern portion of the 

site changing to the south during June through September 1992 and again in November 

1992 (Figures G-4 through G-7 and G-9, Appendix G, respectively).

Groundwater contour maps for the shallow aquifer generated for the period from 

December 1992 through August 1993 were produced using data gathered from all 

eighteen shallow monitoring wells. These data indicate that the groundwater flow 

direction is consistently to the south-south-west across the site.



2.2.1 Revisions to Appendix G of the DRAFT RFI Document

The groundwater contour map for March 1992 was inadvertently left out of the 

DRAFT RFI document. The groundwater contour map for March 1992 has been inserted 

as Figure G-2 of Appendix G of the revised DRAFT RFI document. The appropriate 

changes in figure numbering resulting from the addition of the March 1992 maps have 

been made in Appendix G of the revised RFI document. Figures G-1 through G-9 of 

Appendix G of the DRAFT RFI document have been revised to show only the shallow 

monitoring wells existing at the site during the period from February 1992 to November 

1992.

3 EPA Comment Number 3

Submitted ground water contour maps did not include water elevation data for W-10. In 

future contour maps data from this well, W-10 must be included.

3.1 Response to EPA Comment Number 3

BEI maintains the position that groundwater elevation data collected from 

monitoring well W-10 are not representative of actual conditions at the site. However, in 

response to EPA’s request, data from monitoring well W-10 will be included in future 

groundwater contour maps for the site.

3.2 Revisions to the DRAFT RFI Document

No change made to the DRAFT RFI document.



4 EPA Comment Number 4

The RFI must discuss the presence of a ground water mound near well 110 and its affects 

on ground water flow direction. This mound suggests an area of preferential recharge, 

most likely from a manmade structure such as a water main, sewer, building drains, etc. 

Discuss possible causes for this water mound in the RFI.

4.1 Response to EPA Comment Number 4

Groundwater elevation contour maps of the shallow aquifer (Figures 4-6, 4-7, and 

G-1 through G-17, Appendix G of the DRAFT RFI document) indicate the presence of a 

localized groundwater mound between monitoring wells CP-118 and CP-110.—Monitoring 

well CP-110 is situated in a topographic depression which tends to collect surficial water 

during precipitation events. Numerous cracks exist in the pavement covering this 

depression which serve as points of preferential recharge to the surficial aquifer, resulting 

in the existence of the groundwater mound in this area. The presence of the groundwater 

mound in this area has resulted in a slight deviation in the groundwater flow direction 

between monitoring wells CP-118 and CP-110, however, the groundwater flow direction 

remains to the south-south-west across the site.

4.2 Revisions to the DRAFT RFI Document

Insert the following after paragraph 6 of section 4.2.2.3 of the DRAFT RFI document.

Groundwater elevation contour maps of the shallow aquifer (Figures 4-6, 4-7, and 

G-1 through G-17, Appendix G) indicate the presence of a localized groundwater mound



between monitoring wells CP-118 and CP-110—Monitoring well CP-110 is situated in a 

topographic depression which tends to collect surficial water during precipitation events. 

Numerous cracks exist in the pavement covering this depression which serve as points of 

preferential recharge to the surficial aquifer, resulting in the existence of the groundwater 

mound in this area. The presence of the groundwater mound in this area has resulted in a 

slight deviation in the groundwater flow direction between monitoring wells CP-118 and 

CP-110, however, the groundwater flow direction remains to the south-south-west across 

the site.

5 EPA Comment Number 5

TIDAL EFFECTS: Information in the RFI must be modified to incorporate the following 

information and to correct inconsistencies discussed below.

a) Discuss explanations for why no tidal response was observed for wells 106B and 122B 

even though tidal responses were observed in well 105B located nearly twice as far inland 

as these other two wells.

b) Add determination of conductance values and interpretation of the conductance data. 

EPA determined conductances for the various wells using the following equation;

Conductance = T/S = 0.6 x Tfol

T(i)

The conductance values determined are shown below. There is a range of values 

presented because the determination of conductance is sensitive to lag time [T(i)] and 

since the time between water level measurements is 30 minutes the lag time could vary up 

to that time on either side of the real peak.



well

103B

104B

105B

108B

115B

Conductance 

ffl. Sq./minute) 
5850 to 2600 

3146 to 2184 

383
23400 to 5850 

4127 to 22866

The conductance of 105B is an order of magnitude below the other wells. The lack of 

response in 106B can be interpreted in two ways, either these wells are located in much 

lower K sediments than the other wells or they are located in an area where the storage is 

much higher than the other wells. The boring logs for wells 106B and 122B do not 

indicate different geologic material with a lower K than other any well in this aquifer. And 

well 105B, furthest inland is considered to be located in the aquitard.

Since differing K sediments doesn’t explain this difference in conductance, the other 

possibility would be storage differences as the aquifer changes from confined to 

unconfined conditions. However, this interpretation would contradict the very high 

barometric efficiencies observed for wells 106B and 122B which indicate smaller storage 

coefficients than the other wells in this aquifer. Discuss BEFs interpretation of the data in 

regards to responses in wells 106B and 122B.

5.1 Response to EPA Comment Number 5

The response to comment 5 a is presented following the discussion included in the 

response to comment 5b.

5.1.1 Response to EPA Comment Number 5b



Several inconsistencies were noted in EPA’s comments.

The formula provided in the EPA comment letter was incorrect according to the 

referenced document (Ferris 1951). The formula provided was:

T 0.6x7; (1)

The correct formula is

T 0.6x'/„

Additionally, this form of the equation provides the results in the units gal/ft/day’' with lag 

time and tidal cycle expressed in terms of days, thus requiring a cumbersome units 

conversion step. An alternative to this equation is provided in (Ferris 1951) which 

provides the resultant ratio directly in the preferred units ft^/min without requiring unit 

conversion. This alternative equation is presented in equation 3 below and discussed in 

the accompanying text.

The degree of communication between the tidal monitoring wells can be evaluated 

by comparing the ratio of transmissivity to storativity according to the following equation 

(Ferris 1951):

T_
S Ant:

(3)

where

T = Transmissivity (ft^/min)

S = Storativity (dimensionless)



X = the distance from the body of tidally influenced water to the well (ft)

/() = the period of the tidal cycle (min)

= the time lag (min)

The values for were determined from groundwater elevation versus time plots 

provided in Appendix H of the DRAFT RFI document. Values for /, are provided in 

Table 4-4. The results of this analysis are provided in Table 1. A range of values is 

presented because the ratio of transmissivity to storativity is sensitive to /, and since the 

time interval between groundwater elevation measurements was 30 minutes the actual 

value for could vary up to that amount of time on either side of the peak.

Table 1. Ratio of Transmissivity to Storativity in Tidal Monitoring Wells

Well

Number

X

(feet)

to
(min)

Range of

ti

(min)

Range of

T/S
(ft^/min)

Range of

T/S
(m^/day)

CP-103B 525 900 60 5480 7.3x10'

to to to
90 2440 3.3x10'

CP-104B 787 750 150 1640 2.2x10'

to to to
180 1140 1.5x10'

CP-105B 862.5 1350 840 no 1.5x10^

CP-108B 262.5 750 30 4570 6.1x10'

to to to
60 1140 1.5x10'

CP-115B 675 750 150 1210 1.6x10'

to to to
180 840 l.lxlO'



The results of this analysis reveal that the ratio of TjS is generally consistent from 

well to well with the exception of CP-105B. Monitoring well CP-105B had the lowest 

calculated TjS ratio of any of the monitoring wells that showed tidal influence. The 

ratios of 7/5 were consistently in the range of 1x10^ to 7x10^ m^/day for monitoring 

wells CP-103B, CP-104B, CP-108B, and CP-115B while monitoring well CP-105B had a 

calculated TjS ratio of 1.5x1 oW/day.

Monitoring well CP-105B is screened across the same elevation that the deep 

aquifer was encountered in other monitoring wells. The lithologic log from monitoring 

well CP-105B indicates that the deep aquifer is not present at this location, although tidal 

monitoring data indicates that a some hydraulic connection exists between monitoring well 

CP-105B and the deep aquifer. The lack of tidal response in monitoring wells CP-106B 

and CP-122B indicates that these wells are screened in a portion of the deep aquifer that is 

not hydraulically connected to the Puget Sound.

Reference:

Ferris, J.G. 1951. Cyclic Water-Level Fluctuations as a Basis for Determining Aquifer 

Transmissibility. Inti. Assoc. Sci. Hydrology Publ. 33. pp 148-155.

5.1.2 Response to EPA Comment Number 5a

Slug test data collected from groundwater monitoring wells CP-105B, CP-106B, 
CP-115B, and CP-122B revealed hydraulic conductivity values of lxl0'\ 6x10'^ 1x10 ^ 

and IxlO”^ cm/sec, respectively (Table 4.1 of the DRAFT RFI document). These data 

indicate that CP-106B and CP-122B are screened in sediments with hydraulic conductivity 

values on the order of one to two orders of magnitude lower than CP-105B and CP-115B. 

Additionally, well purging during water sampling at these wells reveals recharge rates



estimated at 0.25 and 1 liter per minute for wells CP-122B and CP-106B, respectively. 

The low hydraulic conductivity rates in monitoring wells CP-122B and CP-106B indicate 

that monitoring wells CP-106B and CP-122B are screened in portions of the deeper 

aquifer that are not hydraulically connected to the other wells screened in the deep aquifer.

5.2 Revisions to the DRAFT RFI Document

Insert the following at the end of the Tidal Response Parameters section of Section

4.2.2.4:

The degree of communication between the tidal monitoring wells and the Puget 
Sound can be evaluated by comparing the ratio of transmissivity to storativity (T/S) 

according to the following equation (Ferris 1951):

L
S 47tt;

0)

where

T = Transmissivity (ft^/min)

S = Storativity (dimensionless)
X = the distance from the body of tidally influenced water to the well (ft)

/(, = the period of the tidal cycle (min)

= the time lag (min)

The values for were determined from groundwater elevation versus time plots provided 

in Appendix H. Values for /, are provided in Table 4-4.



The results of this analysis reveal that the ratio TjS is generally consistent from 

well to well with the exception of CP-105B (Table 4-5). Monitoring well CP-105B had 

the lowest calculated TjS ratio of any of the monitoring wells that showed tidal influence. 

The ratios of were consistently in the range of 1x10^ to 7x10^ mVday for monitoring 

wells CP-103B, CP-104B, CP-108B, and CP-115B while monitoring well CP-105B had a 

calculated TjS ratio of 1.5x10‘*m^/day.

Monitoring well CP-105B is screened across the same elevation that the deep 

aquifer was encountered in other monitoring wells. The lithologic log from monitoring 

well CP-105B indicates that the deep aquifer is not present at this location, although tidal 

monitoring data indicates that a some hydraulic connection exists between monitoring well 

CP-105B and the deep aquifer. The lack of tidal response in monitoring wells CP-106B 

and CP-122B indicates that these wells are screened in a portion of the deep aquifer that is 

not hydraulically connected to the Puget Sound.

Slug test data collected from groundwater monitoring wells CP-105B, CP-106B, 
CP-115B, and CP-122B revealed hydraulic conductivity values of lxl0■^ 6x10'^ 1x10"^ 

and IxlO*^ cm/sec, respectively (Table 4.1). These data indicate that CP-106B and CP- 

122B are screened in sediments -with hydraulic conductivity values on the order of one to 

two orders of magnitude lower than CP-105B and CP-115B. Additionally, well purging 

during water sampling at these wells reveals recharge rates estimated at 0.25 and 1 liter 

per minute for wells CP-122B and CP-106B, respectively. The low hydraulic conductivity 

rates in monitoring wells CP-122B and CP-106B indicate that monitoring wells CP-106B 

and CP-122B are screened in portions of the deeper aquifer that are not hydraulically 

connected to the other wells screened in the deep aquifer.

5.2.1 Addition of Table 4-5 to the DRAFT RFI document

Insert Table 4-5 at the end of Section 4.2.4 of the DRAFT RFI document.



Tables 4-5 through 4-8 of the DRAFT RFI document along with appropriate 

textural references, have been revised to reflect the insertion of new Table 4-5

5.2.2 Addition of Reference for TjS equation

Add the following to the REFERENCE Section of the DRAFT RFI document:

Ferris, J.G. 1951. Cyclic Water-Level Fluctuations as a Basis for Determining Aquifer 

Transmissibility. Inti. Assoc. Sci. Hydrology Publ. 33. pp 148-155.



Table 4-5. Ratio of Transmissivity to Storativity in Tidal Monitoring Wells

Well

Number

X

(feet)
to
(min)

Range of

ti

(min)

Range of

T/S
(ft^/min)

Range of

T/S
(mVday)

CP-103B 525 900 60 5480 7.3x10’

to to to
90 2440 3.3x10’

CP-104B 787 750 150 1640 2.2x10’

to to to
180 1140 1.5x10’

CP-105B 862.5 1350 840 no 1.5x10^

CP-108B 262.5 750 30 4570 6.1x10’

to to to

60 1140 1.5x10’

CP-115B 675 750 150 1210 1.6x10’

to to to

180 840 l.lxlO’



EPA Comment Number 7

No comment number 6 was received.

Vertical Ground Water Flow and Hydraulic Conductivity Testing

The K values presented in the RFI suggest a ratio of 1266/1/23 between the upper sand 

aquifer, silty sand aquitard, and lower sand aquifer. Theses ratios are sufficient so 

groundwater flow in the aquitard will be nearly perpendicular to its upper and lower 

contacts with the sand aquifers above and below the aquitard. Vertical hydrogeologic 

cross sections were drawn for April, May, and July, 1993 data (on attached figures 4, 5, 

and 6). The cross section, fi-om south to north, go through wells 108A and B, 122B, 

106A and B, 115A and B, 114A, and 105A, and B. The three cross sections have similar 

patterns of groundwater flow. The groundwater flow in the upper sand aquifer is nearly 

horizontal, the flow in the aquitard is strongly downward, and the flow in the lower sand 

aquifer is generally horizontal toward 122B. It is not clear if the flow around 122B 

indicates further vertical flow or if the flow is into or out of the cross sections. The 

attached horizontal contour maps for the deeper aquifer (figures 2 and 3) suggest flow 

should be out of the section at 122B.

The attached cross-sections do not aid in understanding the lack of response of 122B and 

106B during the tidal monitoring. The cross section raise some questions about the 

ground water flow in the area of 122B and 106B. These wells are acting entirely different 

than the other deep wells and there appears to be a channeling of groundwater flow to the 

East. As has been suggested in the past, there are indications that ground water pumping 

or lowering is occurring somewhere in the vicinity of the site. Discuss BEI’s 

interpretation of this information and the evidence for some sort of human induced 

impacts on groundwater levels.



6.1 Response to EPA Comment Number 7

The horizontal groundwater contour maps prepared by EPA and provided as 

Figures 2 and 3 of the EPA’s RFI Comments for the DRAFT RFI were created using 

incorrect data. The numbers used as groundwater elevations for monitoring well CP- 

122B are actually the depths to groundwater. Groundwater elevation contour maps using 

the correct data were provided as Figures 4-8 and 4-9 of the DRAFT RFI document. The 

data presented in Figures 4-8 and 4-9 agree well with the other deep monitoring wells at 

the site. Refer to Section 4.2.2.3 of the DRAFT RFI document for a complete description 

of hydraulic head in the deep aquifer.

6.2 Revisions to the DRAFT RFI Document

No changes made to the DRAFT RFI document.
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ABSTRACT

The Burlington Environmental Inc. Pier 91 facility (Pier 91) (USEPA identification 
number WAD000812917) is located at 2001 W. Garfield Street, Seattle, Washington. During 
1992 and 1993, the Technical Services Division of Burlington Environmental Inc. conducted a 
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) to evaluate the 
nature and extent of contamination at the Pier 91 facility. The RFI was conducted under Agreed 
Order 1089-11-06-3008(h) with the U.S. Environmental Protection Agency (USEPA).
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EXECUTIVE SUMMARY

This report presents the results of the Burlington Environmental Inc. (Burlington, formerly 

Chempro) Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) for 
Burlington's Pier 91 facility at Terminal 91 in Seattle, Washington. This RFI has been conducted 

under Agreed Order 1089-1 l-06-3008(h) with the U.S. Environmental Protection Agency 

(USEPA) Region X. The purpose of the report is to document the RFI activities and present an 

evaluation of the nature and extent of contamination at the site.
The present site of the Port of Seattle (Port) Terminal 91 facility ^as fchmerly the Smith 

Cove waterway, which was filled during the early 1900s. An aboveground tanli|i^rm existed on 
the site of the present Burlington Pier 91 facility as early ■^ fi22. The present tank system was

^wned or operate the facility 

possession of Terminal 91 by
first constructed in approximately 1923. Texaco is thought ™ 

until December 1941, at which time the';U.S,, Navy toe 

condemnation. The Navy useds^.terminal ptdmadl^sas a fuel |ind lubricating oil transfer station. 
The property was re-acqijired by iJEe Port in T976 but was subleased by the Port prior to 1976. 
Burlington (theB^^Chemprb) leased the tank ||stem property in June 1971 fi-om the Port. Since 

operatidHs began in 1971, the^main adlvities at the Burlington Pier 91 facility have been waste oil
recovery’^^d wastewhter tr^ment. Typical waste streams processed at the facility include oil 
and coolarilemulsiens, industrial wastewater, and industrial waste sludges.

Founistratigraphic units have been identified beneath the Burlington Pier 91 facility. These 

are a shallow sand unit, a silty sand unit, a deep sand unit, and a silty sand and silty clayey sand 

unit. The shallow sand unit is composed primarily of fine- to medium-grained sand, and is 

believed to be man-made fill. The unit appears to be laterally continuous beneath the leased 

parcel. The silty sand unit underlies the shallow sand unit, and is composed of fine- to medium
grained, but primarily fine-grained, silty sand. This unit, and the units it overlies, are believed to 

be native sediments. The silty sand unit appears to be laterally continuous across the leased 

parcel. The deep sand unit is composed primarily of medium- to coarse-grained sand and gravelly 

sand. The deep sand unit was not encountered in one borehole near the north end of the leased 

parcel. The silty sand and silty clayey sand unit underlies the deep sand unit. This unit is 

composed of fine-grained sediments, primarily silty sand and silty clayey sand. The unit's vertical 
and horizontal extent beneath the Burlington Pier 91 facility has not been fully assessed.

Four hydrostratigraphic units have been identified beneath the leased parcel. They are a 

shallow unconfined aquifer, an upper confining unit (silty sand layer), a deep confined aquifer, and 

a lower confining unit. The shallow aquifer corresponds to the shallow sand stratigraphic unit.



Hydraulic head values in the shallow aquifer vary from approximately 5 to 7 feet bgs, and the 

average direction of the gradient was southwesterly.
The upper confining unit corresponds to the silty sand stratigraphic unit. Comparison of 

water levels in the shallow and deep aquifers reveals a downward hydraulic gradient across the 

upper confining unit.
Water levels measured in the deep aquifer were approximately from four to 12 feet bgs 

during the RFI. Groundwater flow in the deep aquifer is generally toward the south. Water levels 

in the deep aquifer are influenced by tide-level fluctuations in Elliott Bay. The tidal influence is 

greatest at the southeast comer of the leased parcel, and decreases rapidly withsdl^ance to the 

northwest.
Compounds detected in soils during the RFI include yglgpiil'organic cofr||punds (VOCs)

1|
SiS:

semivolatile organic compounds (SVOCs), Total Petroleiim Fuel Hydrocarbon '^|PFH), Total

Petroleum Hydrocarbons (TPH), and polycl 
primarily consist of chlorinated volatile
ethylbenzene, and total and

ted biph

compo

iiBs). VOCs detected in soils 

s (CVOCs), benzene, toluene, 
all of the CVOC detections are

associated with shallow-ioils froifriboreholeiilocated ^ihin the tank farm. BTEX compounds 

were detected in sjils from most of the boreUbles. The highest BTEX concentrations generally 

correspi^^ to shaird|!/ soilsli|om borecoles within the tank farm, and borehole CP-106B located 
northeasf^lf the Ma||ine Diesel Yard. Other VOCs detected in soils include carbon disulfide and 

three ketones. Carbon disulfide was detected in soils from five boreholes, all of which are located 
within the taif farm or east of the MDO Yard.

SVOCs detected in soils fall into one of the following categories: substituted phenols, 
low-molecular-weight PAHs, high-molecular-weight PAHs, miscellaneous oxygenated 

compounds, chlorinated aromatics, organonitrogen compounds, and phthalates. The PAHs 

account for most of the SVOCs detected in soils, both in terms of the number of compounds 

detected and in terms of the total concentration. As was the case for VOCs, most of the 

detections correspond to shallow soils from boreholes within the tank farm.
TPH was detected in every soil sample analyzed for TPH during the RFI. TPH 

concentrations generally decrease rapidly with depth. Three PCBs (Aroclors 1248, 1254 and 

1260) were detected in soil samples from depths of 1.5 to 6 feet. The detections correspond to 

boreholes within the Small Yard, MDO Yard, and Black Oil Yard, and one borehole (CP-106B) 

near the southeast comer of the Small Yard.
Silver was detected in two boreholes only. Arsenic was detected in all of the boreholes. 

Barium, beryllium, and cadmium were detected in all of the soil samples. Chromium and copper 

were also detected in all of the samples tested. Mercury was detected in 12 of the boreholes. 
Nickel, lead and zinc were detected in all soil samples.



Analyses of storm drain sediments resulted in detections of TPFH, TPH, and SVOCs. The 

SVOCs detected in the storm drain sediments were primarily low-molecular-weight and high- 
molecular-weight PAHs.

Compounds within each of the following groups were detected in the shallow 

groundwater during either the April 1993 or July 1993 sampling events: VOCs, SVOCs, TPH 

(including TPFH), PCBs, and metals. VOCs detected in the shallow aquifer consist primarily of 

CVOCs and BTEX.
CVOCs detected in the shallow groundwater include 1,1-dichloroethane, chloroethane, 

methylene chloride, vinyl chloride, 1,1,1-trichloroethane and TCE. Two of these exceeded 

MCLs, including vinyl chloride (3.8 micrograms per liter (ug/1) (estimatetf-to ug/1) and TCE 

(7.4 ug/1 (estimated) to 49 ug/1). These values compare to MCI^'of 2.0 ug/1 vinyl chloride 

and 5.0 for TCE. A map of total CVOC concentrations shows the highest values tn the east part
of the Small Yard and MDO Yard. _ , „

BTEX compounds were detected in jnosf of the shllow monitoring wells during both 

sampling events, but coricehtratiom of BTEX in gro»ndwatef§o not exceed the corresponding 
MCLs, except at one well in thqj|mall Yard (CP-llffP^^ At this well, toluene was detected at

1,800 ua/t and 2,100 ug/1 (tbeMCL k l,000||g/l), ethyl benzene was detected at 4,100 ug/1 (the
MCL is 700 ug/1), and total xylenes Were detected at 10,000 ug/1 and 11,000 ug/1 (the MCL is 
10,000 i^). Li|| the distribution of CVOCs in shallow groundwater, total BTEX 

concentrations to be highest in the area of the Small Yard and MDO Yard.
SVOCs were detected in numerous shallow wells during both sampling events. Detected 

SVOCs were primarily PAHs. MCLs have not been established for these compounds. An 

exception to this is benzo(k)fluoranthene, which was detected at a concentration of 2.3 ug/1 in one 

well at the southern end of the Burlington Pier 91 facility (well W-10). The MCL for this 

compound is 0.2 ug/1. The total concentration of SVOCs in shallow groundwater appears to be 

highest beneath the MDO Yard.
TPFH was detected in numerous shallow wells, at levels ranging from 1.6 mg/1 to 100 

mg/1. TPH detections varied from 1.3 mg/1 to 190 mg/1. The highest concentrations were 

generally associated with groundwater from wells located in, or downgradient from, the tank 

farm.
PCB Aroclor 1254 was detected in shallow groundwater under the MDO Yard (well CP- 

119) during both the April 1993 and July 1993 sampling events, at concentrations of 0.41 ug/1 and 

0.19 ug/1 (estimated). The MCL for PCBs is 0.50 ug/1.
No dissolved metals were detected in shallow groundwater. However, the total metals 

analyses resulted in detections of chromium, copper, lead, arsenic, and zinc. The concentrations 

of chromium, copper, and arsenic were all well below the respective MCLs for these metals. The



detected lead levels were well below the USEPA's action level for lead (at tap). The detected zinc 

levels are well below the USEPA's SMCL for zinc.
Analytes detected in deep groundwater are grouped into the following categories: VOCs, 

SVOCs, TPH (and TPFH), and metals. TCE was detected in five deep wells at concentrations 

ranging from 2.6 ug/1 (estimated) to 27 ug/1. TCE concentrations at four wells (CP-103B, CP- 
1048, CP-1058 and CP-1088) exceeded the USEPA's MCL of 5 ug/1 for TCE during both the 

April 1993 and July 1993 sampling events. Based on these results, it appears that the highest 
concentrations of TCE in the deep aquifer are along the perimeter of the leased parcel.

The CVOC 1,1-dichloroethane was detected at a level of 1.9 ug/1 in one j^ii* There is no 

MCL for this compound. In addition, BTEX compounds were detected ia deep^ wells during the 
April 1993 event, but the levels were under well below the cocfiiSpiiifding MCLs. 'y,

The only TPFH or TPH detection in deep groundwater was at well CP-122% located east
of the Burlington Pier 91 facility. TPH detected %J^^fhg/l. No MC^i have been

established fbr TPH. No PCBs were detected in any of thl|ieep groundwater samples during 

either the April 1993 or July 1993 sampling ^?ents.
Of the dissolved^iisetals, chromi||n was d^ted in the deep aquifer (in four wells). 

" ations were below the n||:L for chromium. For total metals, there were

____ of coppea® chroi#um, nictt, lead and zinc in the deep aquifer. None of the metal
concentrlipns exceed the i&rresponding MCL, SMCL, or action level established by USEPA. 

No' lDNAiiii were detected in any of the monitoring wells. LNAPLs were detected in

The c
detecti

certain welllfSeated near the west side of the Burlington Pier 91 facility, and in wells located 

within the tank farm. Due to capillary effects, the thickness of LNAPL layers floating in wells are 

not expected to accurately represent the thickness of the LNAPL layer in the formation. Six of 

seven LNAPL samples were reported to contain gasoline-range hydrocarbons. All of the LNAPL 

samples were reported to contain diesel-range hydrocarbons. Three of the samples were found to 

contain heavy-oil-range hydrocarbons.
In summary, the data generated through previous investigations and this RFI indicate that 

soils impacted with TPH and TPFH are present primarily within the three tank yards. To a lesser 
extent, CVOCs are also present within the tank farm. The shallow unconfined aquifer is shown to 

be impacted with CVOCs, BTEX, and TPH above MCLs or SMCLs. These compounds are 

present beneath the Burlington Pier 91 facility. TCE is present above MCLs in the deep aquifer 
beneath the Burlington Pier 91 facility and outside the boundaries to the southwest.

Xlll
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1 INTRODUCTION

This report presents the results of the Burlington Environmental Inc. (Burlington, formerly 

Chempro) Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) for 

Burlington's Pier 91 facility at Terminal 91 in Seattle, Washington. This RFI was conducted from 

September 1992 to March 1993 under Agreed Order 1089-1 l-06-3008(h) with the U.S. 
Environmental Protection Agency (USEPA) Region X. The purpose of the report is to document 
the RFI activities and present an evaluation of the nature and extent of contamination at the site.

The scope of work for the RFI was approved by the USEPA and incoppated into the 

Agreed Order. In addition, the RFI activities were performed according td agreed-upon project 
work plans approved by the USEPA. The RFI work plan was propped by Sweet 
Edwards/Emcon, Inc. (EMCON) and revised by Burlingfi|'s Technical Services%vision. The 

Work Plan included the Sampling Plan, Assurance Proj€®t Plan, Site Saflly Plan, and
^ •. -Tk 1 . • Tki _ „ 'Wk-. W;.Community Relations Plan.

1.1 Facility S<

1%IP
1

1::-

I
Burlingph Pier §1 facility is located within the Port of Seattle's (Port) Terminal 91

facility. The Terminal 91 facility is located at the south end of a topographic low known as the 

ihterbay areaf tiath Magnolia Hill to the west. Queen Anne Hill to the east, and Elliott Bay to the 

south (Figure 1-1).
Seattle lies within a physiographic region known as the Puget Sound Lowland, a 

topographic and structural basin bordered by the Cascade Range on the east and the Olympic 

Mountains on the west. The basin is underlain by up to 1,000 feet of unconsolidated glacial and 

non-glacial sediments (Liesch et al, 1963). The Burlington Pier 91 facility lies within a lowland 

area that has resulted from glacial and or post-glacial downcutting. This lowland feature (the 

Interbay region) extends from the Lake Washington Ship Canal on the north, to Elliott Bay on the 

south, and is approximately 1.5 miles long and 1,000 to 2,000 feet wide. Fill has been added over 

a large portion of the lowland area. The Burlington Pier 91 facility is believed to overlie a portion 

of the Smith's Cove inlet, modified by fill in the early 1900's.
Surface water bodies in the vicinity of the facility include Lake Jacobs, an artificial pond, 

and Elliott Bay, a natural saltwater body on Puget Sound. Lake Jacobs is the semi-rectangular 

shaped depression that lies just south of the Garfield Street Viaduct. Lake Jacobs was created 

when a portion of Elliott Bay between two adjacent piers (Piers 90 and 91) was filled in to create 

the Terminal 91 Short Fill Area.
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1.2 Facility Description

Burlington leases the property it uses for its operations from the Port. The leased 

property includes a parcel of land located north of and adjacent to the Garfield Street viaduct 
(Magnolia Bridge), berths used for ship loading/unloading, and underground pipelines serving 

several berths on Pier 91.
The parcel located north of the viaduct is referred to as the "leased parcel" in this report. 

The leased parcel is a contiguous parcel, approximately four acres in size, including buildings, a 

tank farm, and associated piping. For purposes of this report, the leased parcel is divided into the 

following areas (see Figure 1-2);

• the Black Oil Yard;

• the Marine Diesel Oil (MDO) Yard;

• the Small Yard;

■i

111,
SSi' 1

'I
lis

J;l.

ii ... ..

11:^
.U..»d««rehou.e.»nd

. %r areas, j 1
1The friree yards comprise the tank farm. The other areas include the pipe alley between 

the Small Yard and the MDO Yard, the decommissioned oil-water separator west of the Small 
Yard, and the foam mixing area at the north end of the leased parcel. The Seafood Processing 

Building is not part of the leased property.
The Black Oil Yard and the MDO Yard, are completely surrounded by concrete-product- 

containment walls that are approximately 15 feet high. The Small Yard is surrounded by a 

concrete product containment wall, approximately three feet high. All of the yards are fully paved 

with concrete. Aboveground and subsurface piping systems traverse the site.
The leased property is situated on a relatively flat-lying site, and except for a narrow, east- 

west oriented strip of inactive space between the Seafood Processing Building and the MDO yard, 
the ground surface at the facility is covered by either asphalt or concrete.

Additional leased property includes berth K on Pier 91, and underground piping between 

the tank farm and berths B, C, F, K, and M on Pier 91. Figure 1-3 shows the locations of these 

features.
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1.3 Regulatory Background

Table 1-1 summarizes the environmental/regulatory background of the Burlington Pier 91 

facility. Note that a deliberate effort has been made to include more detail on recent events, 
because in most cases these are more relevant to the RFI. More detailed information on the site 

history can be found in Chapter 2 of this report.
The current regulatory status of the Burlington Pier 91 facility includes a state-only final 

RCRA Part B Permit for the facility that Avas issued on August 26, 1992. For corrective action, 
the RCRA 3008(h) order remains in effect until the USEPA issues a final Part B p©iftit.

1.4 Investigation Objectives

The objectives of the RFI, and if necessary, s||)

11.
II

lent invest^tions are as follows:

assessment of the «iviromiiital settiif of the Bill^ington Pier 91 facility;

• ciiaracterizi^n of ^||ential cdlttaminant sources;

• ch^acterizatlin of contamination in the vicinity of the Burlington Pier 91 facility; and

identffication of potential receptors.

1.5 Report Organization

This report is subdivided into three volumes. Volume I is the technical report. Volumes 

II and III contain Appendices A through L, which include supplemental information such as 

boring logs, reference materials, and analytical data.
Volume I is divided into seven chapters. Chapter 1 provides the general site background 

and the objectives of the study. The site historical background is summarized in Chapter 2. This 

chapter discusses the facility history, lease/ownership, materials handled, the on-site 

environmental releases, and previous investigations.
The investigation methodology is discussed in Chapter 3. The findings of the field 

investigation describing the site's physical characteristics are presented in Chapter 4. The results 

of the analytical tests and the nature and extent of contamination are discussed in Chapter 5. The

G:\USERS\LORRA1NE\DISK63\7040B.DOC BURLINGTON ENVIRONMENTAL INC.



1-4

summary of the available data concerning ofF-site investigations is presented in Chapter 6. 
Chapter 7 presents a summary and conclusions regarding the site characteristics and the nature 

and extent of contamination.

P

-ip- %

.......... %****”1

%

1
1

P
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SITE fflSTORICAL BACKGROUND

2.1 Overview

The Burlington Pier 91 facility is located on a four-acre site at 2001 W. Garfield Street 
(Pier 91) in Seattle, Washington. The facility's U.S. Environmental Protection Agency 

(USEPA)AVashington Department of Ecology (Ecology) identification number is 

WAD000812917. The facility is owned by the Port and has been leased operated by
Burlington since 1971.

This chapter presents background infbrmation for the facifilif including th||ite history and 
a summary of previous site investigations. Section 2.2 profits a summary of the ||pility history. 
The ovmership/lease history of the property is .discussed in Sectksft5.3. Section 2.4#iscusses the 

nature of the known material handled at the Mity during its operation. Section 2.5 discusses the 
known and suspected releases *to#e environment, fhe inve%ations conducted previously are

-.-.w.-- y.y.:. ...........
II

summarized in Section 2^.

'll. Is

2.2
II

II 'll
FSiilitv Histdiy ■II

The '^IK of Piers 90 and 91 referred to as Terminal 91 was formerly a waterway 

connecting Elliott and Salmon Bays known as Smith's Cove. In the early 1900s, the Great 
Northern Railroad Company acquired the property for construction of a terminal for overseas 

trade of cotton, vegetable oil, and other agricultural products. In 1911, the Port Commission 

took possession of the property through condenmation. From 1914 until 1916, Piers 90 and 91 

(A and B at that time) and the Terminal were constructed by filling the tidelands of Smith's Cove. 
Subsequent fill projects in the following years filled the shallow, marshy areas between Magnolia 

and Queen Anne hills. The source of the fill material is unknown, but may have included railroad 

ballast and cinders, as well as soil removed during the Denny Regrade project. The central 
portions of Piers 90 and 91 are also fill material with 75-foot-wide concrete "aprons" around the 

exteriors of the piers.
A tank system existed on the site as early as 1922. Not all of the tanks in this system are 

in use today (Appendix A). The present tank system was first constructed in approximately 1923, 
for use as a fuel storage area by the California Petroleum Company. A 1929 archive drawing 

indicates that The Texas Oil Company (Texaco) was the owner or operator of the tank system at 
that time. Texaco is thought to have owned or operated the facility until December 1941.
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Several archive drawings prepared by Texaco dating from 1929 through 1941 show the 

facility, the piping system, and truck loading racks. These drawings indicate that three truck 

loading racks existed or were constructed in 1940 and 1941. One was located north of the facility 

designated as T.T. Company (T.T. Co.) rack, another on the northwest designated as Independent 
Petroleum Company (I.P. Co.) rack, and the third southwest of the facility designated as Hemphill 
and Richfield Oil Company rack. Figure 2-1 shows the approximate location of these racks. At 
that time, another tank system owned and/or operated by the Richfield Oil Company existed west 
of the facility, in the present location of Building W-39. The duration of the operation of the 

Richfield tank system is unknown. , ^ ^
In December 1941, the United States Department of the Navy (Navy) took possession of 

Terminal 91 by condemnation. Piers 90 and 91 were design|f|d3fe 40 and 41 faring that time 

period. The Terminal was used by the Navy as a m^or sMpping and staging pointpuring World 

War II, the Korean War, and the Vietnam,;>;^ar. Buildings constructed in the Mea included 

warehouses, refrigeration facilities, barracks, "and other supj%t facilities. The tank system was 

used primarily as a fuel an^^4:l!pffi||ing oil transfer gallon.
The Navy maintained poss||ion of T^nal 91 until the early 1970s. During the time of 

Navy qwnersMp, the area was also u^d by the U.S. Coast Guard and the National Oceanic and 
Atmospheric Admiiistration (N0AA|,':: Burlington contacted Navy Sealift Command in Seattle 

and the central offic|in San Bancisco, but was unable to obtain information on the operations or 

events du& thqsiUkvy occupancy. The only information obtained was from a few archive 

drawings frdnt'fhat period.
In approximately 1972, the Navy declared the Terminal 91 property as surplus. The Port 

began managing a marine cargo facility in the area at that time. The property was re-acquired by 

the Port in 1976, and has remained under its management since that time. Beginning in 1977, 
many Navy buildings adjacent to and beyond the tank system area were demolished to make room 

for Port operations, including refngeration facilities, marine cargo warehouses, and offload and 

preparation areas for new automobiles.
Burlington (formerly Chemical Processors, Inc.) leased the tank system property in June 

1971. A major portion of the leased facility, including the piping on Pier 91, was subleased to 

Pacific Northern Oil Corporation (PANOCO) in 1978 as a marine fuel depot. The first shipment 
to the facility was received in September 1971, and consisted of waste oil to be recovered for use 

as an industrial fuel. Over time, several buildings and tanks have been placed out of service.
The locations of possible buildings and tanks closed prior to Burlington operations are 

shown on Figure 2-2. Table 2-1 provides a description of these closed structures. The structures 

are:
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Building 17: Dnim Cleaning Building; 
Tanks 340 and 341;
Tanks 1530;
Tanks 119-126;
Tanks 7 and 8;
Oil Barrel Drain Pit; and 
Oil Barrel Tumbler Pit.

The locations of known structures closed during Burlington's operations are also shown
on Figure 2-2. Table 2-2 provides a description of each closed structure. The sttiitures are:

if

Tank 118;
Wastewater Treatment Tanks (2);
Coolant Treatment Tank; §;I "’Ik.

1 fi ll

I IkTreated Wastewater Tank; 
OilAVatei^^|g*| and 
Buried Piping in and out of Si||li Yard. %

%

m■: . II
Since operations began in 197||: the main activities at the Burlington Pier 91 facility have 

been was#,oil reco^||y and #|istewater treatment. Typical waste streams processed at the facility 

include oil and cooliht emulsions, industrial wastewater, and industrial waste sludges. Bilge and 

ballast waters are primarily received via ships. Other wastes and wastewaters are received via 

tankers or in drums. Reclaimed oil processed by Burlington has been sold to PANOCO for use as 

cutting stock in marine boiler fuel oils, and the treated wastewater has been discharged into the 

Metro sewer system.
In the 1980s, several buildings were constructed by City Ice Storage Company west of the 

facility. In 1986, Lake Jacobs was formed when the sediment storage impoundment referred to as 

Short Fill was constructed. The reports discussing these and other off-site investigations are 

summarized in Chapter 6. During Burlington's operations, several modifications and 

improvements were made to the facility, including paving the Small Yard in 1982, and paving the 

MDO and Black Oil Yards in 1986.

2.3 Ownership/Lease History

This section presents the ownership and lease history of the Burlington Pier 91 facility. In 

1990, Sweet Edwards/EMCON, Inc. (EMCON) conducted a search to determine the owners and
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operators of the facility and some of the surrounding facilities within Terminal 91. The findings of 

this search are presented in Appendix A. A summary of their findings is discussed below.
A title search was conducted by Environmental Property Audits, Inc. for EMCON on 

Terminal 91 property for the period from 1897 through 1989. That information and additional 
information located through our historical search on the site ownership is presented in a 

chronological order in Table 2-3.
The occupancy history was not fully established through the EMCON research, although 

this task did include a review of KroU's Atlases of Seattle, Sanborn Fire Insurance Maps, and Polk 

City Directories. Lease information was gathered through a search of public records. A list of 

the lessees in the area, but not necessarily at the project site, are presented ill'Table 2-4.
Burlington's review of the available drawings indicates, that in the 1920s, the facility was 

probably occupied by the California Petroleum Corporation and in the mid I920s1|y Texaco. In 

1941, the facility was occupied by the Navy .for the war effo^.unfif June 1971, whin the facility 
was leased by Burlington. A portion of t|^ along ^with the pipeline on Pier 91 was
subleased to PANOCO QjU|iiiifc||ny in 1978, .Tibd Oonclusid|i drawn from these drav^ings are 
consistent with those suiranarized in?Section i.2, FacilitpHistory.

II.
2.4

For discussion of the materials historically handled at the facility, the historical record has 

been divided into two periods. The first period is from construction of the terminal and the tank 

farm until the occupation of the facility by Burlington in June 1971. The second period is from 

occupation of the facility by Burlington to the present.
The information on the materials handled at the facility prior to Burlington's occupancy 

were gathered from the available drawings. The pertinent sections of these drawings are 

presented in Appendix A. The materials handled prior to the occupation of the facility by the 

Navy are listed below and generally include diesel fuel, gasoline, and lube oil.

1. Track Numbering, by the Port, dated July 28, 1922.

This drawing shows a series of tanks named as "steel oil tanks". There is no other 
information regarding the contents of these tanks.

2. Firewalls and Foundations for Operating Fuel and Foamite Tanks, by California 
Petroleum Corporation, dated August 8, 1923,

lerials Handled
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This drawing shows the proposed foundation plan for the Small Yard. The only 
reference to the contents is "fuel" as indicated in the drawing title stated above.

3. General Layout, Seattle Terminal, bv Texaco, dated November T 1929.

This drawing shows the facility layout. The references made to the potential 
nature of materials are "fuel" tanks in the Black Oil Yard and the easternmost tank 
in the Marine Diesel Oil (MDO) Yard; "Gasoline " and "Gas Oil" (Diesel) tanks in 
the MDO Yard; the "Lube Oil" Pump House and the "Drum Cleaning" Building 
east of the Small Yard.

•Manifold Piping and Pump Location for Truck Loading Faciliti^jpKlviain Pump 
House. Seattle Terminal, bv Texaco, dated Mav 15. 1940 (iht atllched detail 
sheetsi

This drawing provides a detailed description of the piping in the pump area south 
of the oil/water separator. Tabb2-5 presents a fisting of these pipes, fiameter, 
contents, and destination. The majority of these pipes appear to have been 
installed betapl^ (buried) outsiiie.the maniflfj and pumping area.

4.

5.

f
...Jlelocatiolknd Pidlk (3^ 17 AbL fBarrel'l Gasoline Tanks to be Used for Lube 

■ 0,1 Seattle TaMnal. » Texaco, dated April 4. 1940.

The diawing titles refers to three former gasoline tanks relocated to a new location
11: east .# the Small Yard for use as Lube Oil storage tanks.

sir
■I

The references made to the materials handled during the occupation of the Terminal by the Navy

are:

1. Piers 90 and 91 Ship Services. Fuel Oil. Diesel. Air. Water. Steam, bv Naval 
Station, dated December 17. 1945.

This drawing shows the supply lines to the berths at the piers. The plan notes a 
diesel oil supply with a capacity of 117,000 BBLs and pumping capacity of 3,000 
BBLs per hour; and a fuel oil supply with a storage capacity of 76,000 BBLs and a 
pumping capacity of 2,000 BBLs per hour. However, an additional note states 
that the fuel oil and diesel oil facilities are installed on Pier 91 only.

2. Fuel Distribution, Tank Farm to Pier 91. Diagrammatic Pipe Layout, bv U.S. 
Naval Supply Depot, dated April 27. 1954. final revision July 17. 1961.
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This diagram shows the piping from the facility to the berths on Pier 91. Three 
lines are shown: 12-inch fuel, 10-inch diesel, and 6-inch sludge. These pipes 
appear to be the ones currently used by PANOCO.

The materials processed through the facility by Burlington are presented in two tables. 
Table 2-6 presents a general list of the materials processed historically. Table 2-7 presents a 

detailed list of the chemicals and materials that are currently processed and/or generated by the 

facility.
#

2.5 Environmental Releases

During the existence of the facility,, 
releases to the enviromnent. These release 

and during Burlington's opers^Ofis in Sectio 

have occurred during BuElington'i^p)peratio 

was obtajpdi^QiBithe Burltj^^en Cdiporate

■'Is

if m.
has beefi; a .nuihber of known lid suspected

id into possible releases prior tolibeen org2_^.
2.5.2,%espectively. Known releases that 

pressed in Section 2.5.3. This information

II:
2.5.1 PoUhle Rdiises to the Environment Prior to Burlington Operations

A release which is believed to have occurred prior to Burlington's operations was 

discovered in July 1987, during excavation for a new sewer discharge apparatus outside the 

containment wall near Tank 112. Soils contaminated with what appeared to be gasoline were 

uncovered. Three soil samples were analyzed for volatile organic compounds (VOCs)using 

USEPA Method 624. The analytical results indicated the presence of toluene, ethylbenzene, and 

xylene, with a total BTEX (benzene, toluene, ethylbenzene, and total xylenes) concentration of 

approximately 5,500 milligrams per kilogram (mg/kg) in two of the three samples. These are 

primary constituents of gasoline, and the ratios between toluene, ethylbenzene, and xylene were 

consistent with gasoline. Gasoline was stored in nearby tanks during earlier periods of facility 

operations between 1926 and mid-1971. With the exception of a 150-gallon underground 

gasoline storage tank used in another area of the facility from at least 1971 until removal in 1986, 
Burlington has not stored or processed gasoline during its operations. The underground gasoline 

tank used by Burlington was removed from an area immediately north of the warehouse (Building 

19), decontaminated, certified as cleaned, and scrapped in 1986. Ecology and the Port were 

notified of the results of the July 1987 sampling at the Burlington Pier 91 facility.
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According to conversations with long-time employees, some pits were allegedly excavated 

in the Black Oil Yard (Tanks 90, 91, and 92) to store hoses and other cleanup debris following 

spills in that area. The pits were covered with planks (approximately 2 inches by 12 inches), and 

then covered with soil to grade. One employee indicated that the pits dated from the Navy 

operations and were discovered during cleanup of a November 1978 oil spill in that area.
Archive drawings of the Burlington Pier 91 facility indicate that the tank bottoms on 

Tanks 96 to 100, 102, and 104 were replaced in the mid-1950s. Tank bottom replacement 
drawings document the presence of approximately VA inches of oiled sand under the tanks 

underlain with a concrete base. The concrete shown was probably a ring wall foundation. It is
not clear whether a concrete slab was present. At the time of replacementiili the mid-1950s, an 
additional 4-inch-thick layer of oil-saturated sand was placed ij[|i(||p:lhe new tank %ttoms.

*11 1II.
2.5.2 Possible Releases to the Environment During Burlinetih's Operations

- -m. 1,
'

Possible releases^which a||^ undocur||nted andsiare not included in Section 2.5.3 may
11

is:include occasKMid minor of oil and lily wastewater during transfer operations between
II.1:trucks, &ks, rail tliicers, alsd, ships.

\^|h the exliption dl concrete bases known to be present under selected tanks, and 

thought to be presfi^it under others, the tank system yards were unpaved until approximately 1982
t*l*I*M*. "(in the Small Yard) and 1986 (in the MDO and Black Oil Yards). Containment walls have existed 

since construction of the facility, as indicated by archive drawings dating back to the 1920s. 
Concrete or asphalt paving in areas outside the tank system containment walls (e.g. pipe alleys, 
truck loading/unloading areas, and areas adjacent to the warehouse and other buildings) is 

indicated on archive drawings dating back to 1949. However, it is not known if paving was 

present in these areas prior to 1949. It is not known if these factors have contributed to releases 

to the environment at the facility prior to paving dates indicated above.
In the MDO and Black Oil Yards a few soil piles existed in the mid 1980s. They are 

believed to have been left over from cleanup effort of a PANOCO spill at Berth C in 1983. 
Portions of the soil piles were contained along buttresses on the containment wall and covered 

with a concrete top by PANOCO. At the same time, the MDO and Black Oil Yards were paved 

with concrete by PANOCO, portions of the soil piles along the containment wall were enclosed. 
Seepage of oil from these enclosed contaminated soils was observed on warm days

Sometime in 1986, a majority of the soil piles from the MDO and Black Oil Yards were 

sent to an approved off-site disposal facility. The remaining soil pile(s) in the MDO Yard were 

stored in 15 drums by May 1988 and sent to Burlington's Georgetown facility for disposal.
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2.5.3 Known Releases to the Environment

During Burlington's operations at the facility, several known releases to the environment 
have occurred. Table 2-8 provides a list of these releases. In the 1970s there were several 
discharges of treated oily wastewater into the sewer system with concentrations above the 

allowable fats, oil, grease (FOG) limit of 100 ppm. These releases, however, are not discussed 

since they were not released directly to the environment. The information on the Jgito-wn releases 

was obtained from the Burlington Corporate file. iw-
Mi-

2.6 Previous Investigations

11

1
lajor fiii||ngs of the two previous on-siteThis section summai5S!i5es#te work sc 

environmental investigations cond||ted at the Burlingt®Pier 91 facility. For a summary of off
site enviroa^miynvestigatkHis, seeChapteiii, Off-Site Data Summary.

11
2.6.1 ills Hvdro^logic llvestigation

A Ptee I hydrogeological investigation of the Burlington (then Chempro) Pier 91 facility 

was completed by EMCON in 1988 (EMCON, 1988) to provide a preliminary site 

characterization. The scope and major findings of this investigation are summarized below.

2.6.1.1 Scope of the 1988 Hvdrogeologic Investigation

The scope of the 1988 investigation included the following elements:

1. Installed four shallow and two deep monitoring wells.

2. Drilled two shallow hand-auger boreholes for groundwater sampling.

3. Collected groundwater samples from the six new wells and from two pre-existing wells. 
Groundwater samples were analyzed for volatile organic compounds (VOCs), base- 
neutral-acid compounds (BNAs), total and dissolved metals, PCBs and unknowns.
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4. Collected soil samples at 10-feet intervals in each of the six new monitoring well 
boreholes. Soil samples were analyzed for VOCs, BNAs, extraction procedure toxicity 
(EP Tox), total metals, PCBs and unknowns.

5. Collected three samples of waste oil sludge from four on-site storage tanks.

6. Performed slug tests of the six new monitoring wells to estimate hydraulic conductivity.

7. Surveyed the six new monitoring wells and two pre-existing wells, relative to a common 
datum.

2.6.1.2 Major Findings of the 1988 Hvdrogeologic lnvestigatioa^.ff:^
%

The following is a summary of the jpajor findings of.tt^ 1988 Phase I hydrogeologic
investigation. Six geologic units were identi||el^^eneath theiiPier 91 site. These are, generally

from shallowest to deepest; 1 111;::..

I
1:

» 1 Idly sarngfilO;

r
silt;

sand; and

interbedded sand and silt.

The surficial sand (fill) and gravelly sand (fill) geologic units were interpreted to comprise 

a shallow aquifer. The silty sand and silt units were interpreted to represent an aquitard. The 

lower sand unit was interpreted as a confined aquifer. Hydraulic conductivity estimates from 

slug testing of wells were approximately IQ-^ to lO'^ centimeters per second (cm/sec) in the 

shallow aquifer, and lO'^ cm/sec in the deep aquifer.
Based on groundwater elevations measured in wells completed in the shallow aquifer, the 

groundwater was estimated to be flowing southwesterly toward Elliott Bay under a hydraulic 

gradient of approximately 0.002. Because only one well was completed in each of the aquitard 

and the deep (confined) aquifer, horizontal groundwater flow in the lower aquifer could not be
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determined. However, water-level data from two nested well sites indicated a vertical hydraulic 

gradient (0.03) favorable for downward vertical flow.
The soil sample testing revealed toluene in one borehole sample collected from a depth of 

9 to 12 feet, and low levels of total metals in all boreholes. However, the levels of metals were 

considered to be within the range naturally occurring in soils of the Puget Sound area.
The groundwater sample analyses indicated that solvents and BTEX compounds were 

present in upgradient shallow aquifer groundwater wells, suggesting possible off-site sources. 
Elevated levels of cadmium, chromium and lead were detected in some shallow groundwater 

samples.
Chloroform, acetone and 2-butanone were the only organic consfrfeen^ detected in the

deep aquifer monitoring well (CP-103B). Because of their ph^Mcal properties and absence in
adjacent shallow wells, it was suggested that those constituents originated off site.

2.6.2 1989 Hvdrogeologi&^f^iiigation I %
l|yiiP

Hi

ii 11.

|ii
li.

vX'X'l

lilydrogebtogic mvKtigatioB iof the Burlington (then Chempro) Pier 91 facihty
was COittleted by ^ards/El'ftON in 1989 (EMCON, 1989). This work was performed
to meet Ifc requirem®nts oflle RCRA 3013 Order. The scope and major findings of the 1989

hydrogeolo^c inve^igation are summarized below.

.

2.6.2.1 Scope of the 1989 Hydroaeoloeic Investigation

The following are the major activities comprising the scope of the 1989 hydrogeologic 

investigation;

Drilled 11 boreholes to the base of the shallow aquifer and collected soil samples. 

Drilled two shallow background soil boreholes and collected soil samples.

Drilled two boreholes into the deep confined aquifer.

1.

2.

3.

4. Installed monitoring wells in four of the shallow boreholes and in both of the deep 
boreholes.
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5.

6.

7.

8.

9.

10. 

11.

Collected groundwater samples from the six new monitoring wells and from six 
pre-existing monitoring wells, on two separate occasions approximately one month 

apart.

Collected one round of groundwater samples from seven of the shallow soil 
boreholes (T boreholes).

Conducted hydraulic slug tests in the six new monitoring wells.

Measured water levels in the sbc pre-existing and the six new monitoring wells. 

Surveyed the sbc new monitoring wells.

Decommissioned one existing well (B-101). Si:
il

Evaluated potential effects of tidal cycles% th^^,shallow unconfl|ed and deep 

confined aquifers ' "iilk
i 112. Groundwaterij^iiiles were afc^e^ VOCl|.semivolatile organic compounds 

(SVOCsX and tot^i^d dissol^d metals.

%

1 ..jr

ire anfced fbP/OCs, SVOCs, and total metals.

2.6.2.2 Maiif Fitches of the 1989 Hvdrogeologic Investigation

The following is a summary of the major findings of the 1989 hydrogeologic investigation 

(EMCON, 1989).
The Burlington Pier 91 facility was found to be underlain by three stratigraphic units, to a 

depth of about 60 feet. The units were observed to be heterogeneous and difficult to separate 

into discrete units. The uppermost unit was believed to be fill that extends to approximately 20 

feet below ground surface (bgs), and is composed of lenses of fine to medium sand with 

laminations of silt and coarse sand. Gravelly sand was reportedly found in the upper two feet and 

the lower 7 to 20 feet of the unit. Shell fragments were found throughout the unit.
The underlying geologic unit, a silty sand, was found to extend from approximately 20 feet 

bgs to 30-40 feet bgs. This unit reportedly is composed of predominantly fine sand with 10 to 40 

percent silt, and contains scattered shell and wood debris and faint laminations. The investigators 

stated that the unit is probably the original natural sediment of Smith Cove in Elliott Bay.
The deepest geologic unit encountered was a sand and gravelly sand layer which extends 

from a depth of approximately 30 feet bgs to a depth of approximately 60 feet bgs at the southern
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boundary of the leased parcel. The unit was found to be from 15 to 30 feet thick in boreholes 

where it was encountered, but it was not encountered in one borehole at the north end of the 

leased parcel. The unit is comprised of medium to coarse sand with 10 to 50 percent subrounded 

gravel to two inches in diameter, and 5 to 10 percent shell debris.
Three hydrostratigraphic units were delineated beneath the site. The uppermost unit was 

considered to be an unconfined aquifer corresponding to the fill (sand and gravelly sand) geologic 
unit. The horizontal hydraulic conductivity of this unit was estimated to be from lO’^ to lO"'^ 

cm/sec, and the direction and magnitude of the horizontal hydraulic gradient was observed to be 

southwesterly at 0.002. The investigation found that the horizontal gradient is notaflfected by the 

tidal cycles in Elliott Bay.
Underlying the unconfined aquifer is a silty sand geolo^C unit that sepah||es the shallow 

aquifer from the lower confined aquifer. One monitoring CP-105B, is compl||gd within this 
unit. II*

The deepest unit is a confined aquifer, K does not ^t to the depth penetrated at well 
CP-105B, but was encountewd at other moi^oriijg "^ells (e.^||CP-103B, CP-104B, CP-108B).

3nducti)liy was foifid to be l|proximately 10‘2 cm/sec. The direction 
and magiitdiPlIthe horis»daJ hydraulic gr||ient within the confined aquifer were observed to
The horizontal hydraulic

"”‘ir--------
be appr||imately sd|th-soiitheast at 0P067. During the study, the tidal fluctuations in Elliott Bay 
were observed to in^ence vpter levels in the lower aquifer, and the magnitude of the horizontal 
hydraulic gradient* but not the general flow direction. The investigators did not rule out the 

possibility thmhe flow direction could be reversed locally as a result of very high tides.
The concentrations of organic compounds and metals in soil samples vary both 

horizontally and vertically. The concentrations of organic compounds in soil were found to 

decrease considerably with depth below the top of the silty sand confining layer.
BTEX compounds were detected in soil samples from every borehole except one, CP-110. 

The most abundant BTEX compounds were those other than benzene.
Chlorinated hydrocarbons were detected in soil samples from all of the boreholes except 

one, TB-4. The most widespread chlorinated hydrocarbon is methylene chloride. Other, less 

abundant chlorinated hydrocarbons detected in soil include 1,1,1-trichloroethane, trichloroethene, 
tetrachloroethene, and l,l,2-trichloro-l,2,2-trifluoroethane. Concentrations generally increase 

with depth to the top of the silty sand confining layer, except in boreholes TB-3, TB-4, and TB-6.
Polynuclear aromatic compounds (PNAs) were detected in soil samples from every 

borehole except background soil borehole SB-1. Generally, the low-molecular-weight PNAs such 

as naphthalene, acenaphthene, fluorene and phenanthrene were found to be more abundant than 

high-molecular-weight compounds such as pyrene, fluoranthene, and chrysene. PNA
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concentrations were reported to decrease below a depth of 10 feet, except in boreholes TB-5 and 

CP-108A.
No spatial trend in concentration of any of the metals was noted. The concentrations of 

chromium, mercury, and nickel in on-site soils did not exceed either background, Puget Sound 

Regional Soils, or Average Crustal Soils comparative values. For on-site soils, trace metals 

concentrations that exceeded the comparative values were almost exclusively from the 

unsaturated zone. Concentrations of trace metals in the saturated fill and underlying silty sand are 

typical for Puget Sound sediments.
Concentrations of many organic compounds in shallow aquifer groundwater apparently

1increased between the two sampling rounds (over a period of one month). #
BTEX compounds were detected in the shallow aquifer groundwater, ||th the highest 

concentrations near boreholes TB-4 and TB-7. A contour map of total BTEX concentration 
indicates the highest concentration in the nort^st portion ^||eM^ed parcel. m

Chlorinated hydrocarbons were dete
hole TB-iL,

the shallow aquifer groundwater, with the 

ely higHiipncentrations were also detectedhighest concentrations arou,«*^v.----------- IL.
at borehole TB-7. A cdfitour map of total c)|orinated%drocarbon (TCH) concentration shows 
the highest values near the west side of the ||ased parcel. Much of the distribution of TCH is 

accounted for by chlOroethaue, 1,1-dillloroethane, and methylene chloride.
A^||ap of to^ PNA concentration included in the 1989 report shows a high around hand- 

auger borehole HA-2, and suggests the highest levels of PNAs are in the west-central portion of 

the leased pWei Total phenol concentrations were highest around boreholes TB-2 and TB-4, 
and generally low or undetected elsewhere on the leased parcel.

Several organic compounds in groundwater from shallow boreholes exceeded USEPA 

recommended Maximum Contaminant Levels (MCLs):

The groundwater concentration of vinyl chloride exceeded the MCL of 5 
micrograms per liter (ug/1) at boreholes TB-1 (14 ug/1) and TB-2 (38 ug/1), and at 
monitoring well CP-104A (24-27 ug/1).

1,1-Dichloroethene concentrations exceed the MCL of 7 ug/1 at boreholes TB-1 
(10 ug/1), TB-2 (950 ug/1), and TB-3 (21 ugA).

The average trichloroethene concentration at borehole TB-1 (6.4 ug/1) exceeded the MCL 

of 5 ug/1.
Concentrations of benzene exceeded the MCL of 5 ug/1 at boreholes TB-2 (97 ug/1) and 

TB-6 (29 ug/1) and at monitoring wells CP-104A (6-15 ug/1), CP-109 (35 ug/1) and CP-110 (15
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ug/1) during both sampling rounds, and at CP-108A (18 ug/1) during the first round and at CP-107 

(8 ug/1) during the second round.
The concentrations of dissolved metals in the shallow aquifer groundwater were noted to 

be generally near or below method detection limits, with no apparent spatial pattern.
The concentrations of organic compounds in the deep aquifer groundwater were noted to 

be generally near or below the method detection limits. The occurrence and concentrations of 

organic compounds and trace metals detected in the Phase I hydrogeological investigation, the 

round 1 sampling, and the round 2 sampling were not consistent. No spatial or temporal patterns 

were apparent.
The only compound whose concentration in the deep aquifer grcaiMw^er exceeded an 

MCL is benzene, which was detected in monitoring well CP-f03S/ The conc^||ration was 12 

ug/1 during the first sampling round and less than detectiori|pring the second samplhg round.
The concentrations of dissolved met|^;:jn the deep aquifer groundwater \llre generally

near or below method detection limits. No a| It spatial tfUids were noted.
WSi

Sfpl;;..

I
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tnvrsttgation methods

3.1 Scope of Investigation

The following work elements were completed as part of the Burlington Pier 91 RFI in accordance 

with the final RFI Workplan and approved modifications dated April 1992:

1.

2.

3.

4.

5.

Researched the use of groundwater within a one-half-mile radius of Burlington's 

Pier 91 focility.
Evaluated the site history. ®ii:-

Reviewed available off-site data. C'
ll.

■®S:

1|.

Drilled 10 boreholes, by hand ligi|k.fbr colle^pn of shallow soil samples.
'"i

Installed fiff shalld# aquifer iiSmtoring wells, by a combination of portable auger
a;;;:. jjjj: m 'iAA-and dnving methods.

Driil|| boreliHes into file shallow aquifer, by hollow-stem auger, for soil sample 
colle8on and mstallation of four monitoring wells screened across the water table.

Ik
7. I^fed boreholes into the shallow aquifer, by hollow-stem auger, for soil sample 

collection and installation of two monitoring wells equipped with special sumps for 
the collection of dense nonaqueous-phase liquid (DNAPL).

8. Drilled boreholes into the deep aquifer, by a combination of hollow-stem auger and 
cable-tool methods, for soil sample collection and installation of three monitoring 

wells.

9. Surveyed all monitoring wells.

10. Completed hydraulic slug testing of all new monitoring wells, and one pre-existing 
monitoring well (CP-105B).

11. Completed chemical analysis of soil samples.

12. Completed engineering testing of soil samples.

13. Collected sediment samples for chemical analysis from six storm drains.

14. Measured monthly fluid-levels in monitoring wells.
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15. Collected groundwater samples for chemical analysis from the monitoring wells 
during two quarterly events (April and July), and sampled and analyzed floating 
product.

16. Evaluated tidal influences on the groundwater flow in the deep aquifer.

These elements are discussed in detail below and in Appendix B. The locations of the 

sampling points, monitoring wells and hand-auger boreholes, are shown in Figures 3-1 and 3-2. 
Results are discussed in Chapters 4 and 5.

is *

3.2 Beneficial Use Survey
I ll

A survey of the beneficial use of the groundwater conducted within a one-half mile
radius of the Burlington Pier JL|acility. The area researched included most of Sections 23, 24,

.. .®&:.
orth. Range 325, and 26 in Townshi||^|^" 

,heareamvestiga.ed.
The Water-Supply ^ell file af,^ 

in the arll of inve;

of life Willamette Meridian. Figure 3-3 shows
s&.

i:i
, „, jlo^ was reviewed for the presence and status of wells 

\tion. this file does not include Resource Protection (i.e. monitoring) wells.
iiIn addition, the Uni|p States Geological Survey (USGS), Port, and Municipality of Metropolitan

Seattle (Metro) were contacted for available information on wells within that area.
The Ecology files did not indicate the presence of water-supply wells within the area of 

investigation. The USGS office contacted indicated they were not aware of any water-supply 

wells in that area. Metro informed us that they do not own or operate any wells in the area. The 

Port informed Burlington of the presence of one water-supply well west of the site located north 

of the City Ice Building Number 39 (see Figure 4-36). The information obtained on the supply 

well is discussed in Section 4.5.

3.3 Historical Site Evaluation

The site history of the Burlington Pier 91 facility and surrounding Terminal 91 facilities 

was researched through the following sources:

• Burlington Environmental Inc. (Burlington);
• Sweet Edwards/EMCON, Inc. (EMCON);
• Seattle Public Library (Library);
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City of Seattle Department of Construction and Land Use (DCLU); 
United States Environmental Protection Agency (USEPA); 
Washington State Department of Ecology (Ecology);
Port of Seattle (Port);
United States Navy (Navy); and
United States National Archives (Archives).

The research involved locating information pertaining to operations and facilities on site, 
spill event history, types of products and materials handled at the site, property boundaries, and 

facilities in the site vicinity.
The new information obtained from the Port was limited iuj|etails in cerl||n aspects. The 

files at the Seattle office of the National Archives were searched for releva||t information
pertaining to the period the facility was occupied by the N|Vy. T|e search did not produce any

i-n /-I ______ J -KT-:xi______§ealift Command. Neither the 

relevant information. The only
information and Burlington was referred to tke Navy Mili| 

office in Seattle nor the centralgQffij^e in San Frandsco found 
information available for that time period w^e a'feW"^awingS obtained from the Port and two 
aerial photographs obtained fii^m the Cenfial Archives office in Washington, D.C. Other 
drawing plans, tterial photographs, and documents were located from other sources. The 
summary of informafen gathered on tlie project site and vicinity was presented in Chapter 2.

Se%al inveiigations have been conducted in the area for spills, underground storage 

tank (UST) mmoval, and construction purposes. A brief summary of their findings is discussed in 

Chapter 6.

3.4 Drilling and Soil Samphng - Hand-Auger Boreholes

Ten shallow boreholes were completed in the containment areas of the facility for the 

collection of shallow subsurface soil samples. Because of access constraints, these boreholes 

were completed using hand-operated equipment. The soil samples were collected at 1.5-foot 
intervals between approximately 1.5 feet and 6.5 feet below ground surface as shown on Table 

3-1. No samples were collected below the groundwater surface. Headspace analysis was 

performed on each sample using a photoionization detector (PID). Generally, the two samples 

with the highest headspace readings were submitted to an off-site laboratory for SVOC and TPH 

analyses. Following sample collection, each borehole was abandoned following the procedures 

summarized in Appendix B.
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3.5 Soil Sampling and Well Installation - Driven Wells

Four boreholes were completed within the containment areas for installation of monitoring 

wells CP-116, CP-117, CP-118, and CP-119. Because of access constraints, these wells had to 

be installed using hand-operated equipment. Continuous soil samples were collected from two to 

ten feet below ground surface during borehole augering. Following angering, two-inch diameter 
stainless-steel well screen and riser were driven to the desired depth at each borehole. Filter 
packs were placed, and each well was developed following standard Burlington protocol.

One attempt to advance a borehole was unsuccessful because buiiesd pipes were 

encountered. This borehole was abandoned following State of Washingtoft well construction and 

maintenance regulations (WAC 173-160). Table 3-2 suttHSiifizes driven ||pll completion 

information. m

■ssr

3.6 Soil Sampling and Mcaatl^g Well Irtstallafrli^r ShalloWiAVells

& .entering re ct___ _ ____ Inpleted^n the shallow aquifer, outside of the containment
areas of^lhe facility* using a truck-mfcted drill rig. They were monitoring wells CP-111, CP- 
112, CP%3, CP-Ip, CP-115A, and CP-121. During drilling, soil samples were collected 

continuously with Jljth, starting at two feet below ground surface. Two samples were retained
•!*x*i*. . ••.'I'X'X'M'r** *from each bUfioie for chemical analysis. Two additional samples from each borehole were also 

retained for engineering properties analysis. Well installation and development followed borehole 

drilling and soil sampling. Three wells were screened across the water table and the remainder 

were completed at the base of the shallow aquifer, with sumps for the collection of DNAPL. 
Table 3-3 summarizes the monitoring well completion data and Figure 3-1 shows the well 

locations.
One attempt to advance a borehole was unsuccessful because a buried pipe was 

encountered and a void beneath the surface concrete was discovered. This borehole was 

abandoned following State of Washington well construction and maintenance regulations (WAC 

173-162).

3.7 Soil Sampling and Well Installation - Deep Wells

Three monitoring wells (CP-106B, CP-115B, and CP-122B) were completed in the deep 

aquifer, using truck-mounted drill rigs. One well (CP-122B) was installed as a six-inch-diameter
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well, in anticipation of its use as the pumping well in a pumping test. The others are two-inch 

diameter wells. Table 3-4 summarizes the monitoring well completion data and Figure 3-1 shows 

the well locations.
Four boreholes were abandoned during drilling because of soil settlement or subsurface 

obstructions. These boreholes were abandoned following State of Washington well construction 

and maintenance regulations (WAC 173-162).

3.8 Soil Sample Handling. Analysis, and Testing

After each sample was removed from the borehole, placed on llclean sheet of
plastic, photographed, and logged. Sample bottles were then filled, starting with the VOC sample 

containers. Once bottled, the samples weraskbeled and placed «n ice in a coolif. Chain of 

custody (COC) forms were completed and ac^nlpnied the siai^ples to the laboratories.
Soil samples were suhiectlo one or more chemi(li|^alyses listed in Table 3-5. The 

chemical parameters associated wifti VOCs, |pOCs, P^s, and metals are listed in Appendix B,

Tables V-
A sieve anai|ys wa^slompletedin the field on one soil sample from borehole CP-122B. A 

grain siz^stributiolfcurve ^s then generated from the sieve analysis and used to determine the 
appropriatllcreentjiot size for well CP-122B. Additional samples were sent to a laboratory for 

engineering testing, including grain size distribution, Atterberg limits, and organic carbon content 
(see Table 3-6). One sample from each of the three deep boreholes, taken from the silty sand 

layer, was analyzed for vertical hydraulic conductivity.
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3.9 Groundwater and Nonaqueous-Phase Liquid Sampling and Analysis

Groundwater samples were collected from a total of 27 monitoring wells on April 6-14 

and July 6-16, 1993. These include samples from two Port wells (MW-39-3 and W-10). The 

sampled wells are listed in Table 3-7 and are shown in Figure 3-1.
The sampling procedure began with instrument calibration, a check of the air quality 

venting from the well using a PID, and fluid level measurements (LNAPL, water, and DNAPL). 
A minimum of three well volumes were then purged, during which water quality readings (pH, 
conductivity, and temperature) were recorded. After purging and stabilization.jH|ivater quality 

readings, water samples were collected. If LNAPL was detected through the steps summarized 

above, a drop pipe was lowered into the well to prevent the samphiig^ equipment %m coming into
contact with the LNAPL. Samples of the LNAPL werl 
drained from the outer wall of the drop pipe. Once

m
Obtained by collectin;

ir and LNAPL
e fluid as it 
mples were

labeled and placed on ice in a cooler. COC &mli were comf^ted and accompanied the samples 

to the laboratories. . '
Groundwater and LNAP4|lo DNAPL was detected) were subject to one or more of the 

chemical analyses listed in T^le 3^, The c|pmical parameters associated with VOCs, SVOCs, 

PCBs, attd metals analyses atse Usted in.Appendix B, Tables B-2 through B-5.

lis

1.. I
3.10 Stontt^Drain Sampling and Analysis

Sediment samples were collected from five storm drains and one manhole using dedicated 

sampling equipment. The samples were submitted to a laboratory for SVOC and TPH analyses as 

summarized in Table 3-9. Figure 3-2 shows the locations of these storm drains and the manhole.

3.11 Monthly Fluid-Level Measurement

Water and LNAPL levels were measured monthly in the 13 pre-existing and 14 new 

monitoring wells in and around the facility. These include 25 wells installed by Burlington and its 

subcontractors, and two other wells on Port property (wells MW-39-3 and W-10). With one 

exception, all fluid levels were measured to the nearest 0.01 foot below the measuring point at the 

top of each well casing. Well W-10 was measured to the nearest 0.5 inch.
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3.12 Slug Testing

After the new monitoring wells had been installed, rising head slug tests were performed 

on a total of 15 monitoring wells, including 14 new wells and one pre-existing well (CP-105B). 
The tests were performed by quickly removing a bailer filled with groundwater, and measuring the 

water level in the well versus time. A data logger was used to record the measurements. These 

data were then used, through computer analysis to estimate the hydraulic conductivities.

3.13 Tidal Effects Evaluation if
A separate session of water-level monitoring was doilBucted for the purpose of evaluating

the tidal effects on groundwater flow in the deep (confined^^ aqdfer beneath the Biflington Pier
91 facility. Monitoring procedures were based on the USEPA-approved Pier 91 Tidal Monitoring 

Work Plan (Burlington, Febtuary 1993).
In this tidal effecis. evaluat n task, barometric ftessure and water levels in seven deep- 

at 3i|minute intervals over a period of 75 hours duringaquifer m.pj»torit^JiWells w€s:e measu*^^
March 1993. The%ta wet|; collectellin a data logger and then downloaded to a computer for 

coiyur®on wih tidal infbrmation obtained from the National Oceanic andanalysis.
Atmospheric Adiiaiistration (NOAA). These data were used to estimate tidal response 

parameters, Mbh as amplitude, time lag, tidal efficiency, and phase.

3.14 Surveying

The Burlington Pier 91 facility was surveyed in August 1993 as part of the RFI effort. 
The survey involved two components, a ground survey and an aerial survey. The survey effort 
resulted in horizontal and vertical control of the ground surface at all sampling points and the 

monitoring wells. The survey also obtained the approximate horizontal positions of major site 

features such as buildings, roads, large tanks, and containment walls, which were then plotted on 

a site plan.
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3.15 Decontamination Procedures and Residuals Disposal

All drilling, sampling, monitoring and testing equipment was decontaminated prior to 

arrival at and before departure from the site, and between boreholes, to prevent cross
contamination. Large equipment, such as drill tools and drill rigs, were decontaminated on a 

temporary containment pad. Smaller equipment, such as instrument probes and soil sampling 

equipment were cleaned in five-gallon plastic buckets, which in turn were decontaminated at the 

decontamination pad.
All residuals, both liquid and solid, were placed in 55-gallon drums, labeled, and placed in 

the on-site 90-day storage area. These materials will then be treated and/or disposed following 

permitted facility procedures.

■i

IF
1:

l|

11■5

■

%
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4 PHYSICAL CHARACTERISTICS

This chapter presents the physical characteristics of the site, including the regional and site 

geology and hydrogeology.

4.1 Geology

4.1.1 Regional Geology

iii

siii;.. ' . ''
The Port's Terminal 91 facility lies wi&iii a physiogrl||iic region referred to as the Puget

Sound Lowland, a topograpllac and structur jrdered % the Cascade Range on the east 

.and the Olympic Mounts on the west. t|| basin is tmderlain by Tertiary bedrock and up to
Lmmrn.. . ' ii

1 000 ftset of unconsolidated glacial aid nonglcial sediments (Liesch et al, 1963).
The Port's '%minal ^1 facility lies within a less extensive lowland area (imerbay area)

'ff-

created by ather gl|ial or post-glacial downcutting, or both. This lowland feature extends from 

the Lake Walhigton Ship Canal on the north to Elliott Bay on the south, is approximately 1.5 

miles long and 1,000 to 2,000 feet wide. A large portion of the lowland area has been modified 

by the addition of fill.

4.1.2 Site Geology

The lithologic and stratigraphic information presented in this section is based on the results 

of observation and testing of soil samples collected during this RFI and previous investigations. 

Geologic logs corresponding to the boreholes drilled as part of this investigation are presented in 

Appendix E. The previous investigations are primarily the 1988 and 1989 hydrogeologic 

investigations of the Burlington Pier 91 facility (EMCON; 1988, 1989). In addition, information 

on the stratigraphy in the area of monitoring well W-10 was obtained from the data report on
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monitoring well installation and physical characterization of berm-fill materials (Hart Crowser, 

1988). Stratigraphic information for the area near the northeast comer of Cold Storage 

Warehouse W-39 was obtained from the report on the underground storage tank investigation in 

the vicinity of the City Ice building (Harding Lawson Associates, 1990).

The leased parcel is believed to overlie a portion of the former "Smith's Cove" inlet. This 

inlet was filled in the early 1900s (EMCON, 1988). The subsurface beneath the leased parcel, 

extending to depths of approximately 45 to 60 feet bgs, is composed of laminated sands, silty 

sands, silts, gravels and clays. The sediments appear to be unconsolidated ^ only poorly to 

moderately sorted overall. Some of the laminations appear to be laterdly discontinuous and 

vertically gradational rather than distinct. Based on the qpjjpifisbn of numerous|.pologic logs, 

four lithologic units have been identified beneath the leased pi^cel. These units are ^shallow sand 

unit, a silty sand unit, a deep sand unit, and a aUy clayey Stod and silty sand unit. Figure 4-1 

shows the locations, in plan viewv of two ve^ic^ cross-sections through the subsurface beneath 

the leased parcel. The fwo cro§»ibctions a^ displayelTn Figures 4-2 and 4-3. The lithologic 

classificajibns bPite sedinwnts are llaperin^sed on the cross-sections, which also show the 

estimateibositions If the cdirtacts between the hydrostratigraphic units (discussed below). The 

lithologic ibformatjifi displayed in the cross sections was inferred from the geologic logs of
*I*I*X*. .existing borilciles.

The shallow sand unit extends vertically from just below the paved ground surface 

(approximately 0.5 to 1 foot bgs) to between 15 and 20 feet bgs. The shallow sand unit appears 

to be laterally continuous across the leased parcel. The shallow sand unit consists primarily of 

olive to gray, moderately- to poorly-sorted, fine- to medium-grained, unconsolidated sand, with 

laminations of silty sand and gravel occurring locally. The unit contains trace amounts of silt, 

shell fi-agments, and wood debris. This unit appears to be man-made fill, which is known to have 

been emplaced in Smith Cove in the 1900s. The discontinuous layering and heterogeneous 

lithology are consistent with features common to man-made fill.
Discontinuous silty sand lenses were encountered within the surficial sand unit at depths 

between 4 and 6 ft bgs in several borings. Lithologic logs for boreholes SB-1, and SB-2 

(Appendix E), indicate the presence of silty sand lenses between 5.5 and 8 ft bgs (0.5 to -2.6 ft

G:\USERS\LORRA1NE\DISK63\7040B.DOC BURLINGTON ENVIRONMENTAL INC.



4-3

COSD). Each of these boreholes was terminated at 10.5 ft bgs (-4.5 ft COSD), approximately 4 

to 7 ft above the depth of the silty sand confining unit in adjacent boreholes.

Silty sand lenses were also identified between 4 and 10 ft bgs (1.7 to -4.3 ft COSD) in 

boreholes CP-107, CP-109, CP-112, CP-115A, TB-2, TB-7 and in borings installed during the 

geotechnical investigation performed by GeoEngineers, Inc. (1987) prior to construction of 

Building W-390 (Figure 1-2). However, the silty sand confining unit was identified below this 

silty sand lens in each of the W-390 borings
The lithologic log for Port of Seattle monitoring well MW-39-2 indicates. the -presence of a 

silty sand lens extending from 8 to 12ft bgs (-2.6 to -6.6 ft COSD). MW-i39-2 %as terminated at 
15 ft bgs (-9.6 ft COSD). The boring log for the Port o|:|i|iffi monitoring wel|jlVIW-39-3 did 

not indicate the presence of a silty sand layer, Ipwever, MW-39-3 was only installeli|p a depth of

14 feet bgs (-8.5 ft COSD). The silty sand cOnfhtteg unit w^|dentified at depths of 15 ft (-9.5 ft 

COSD). 15 ft (-9,7 ft 15 feet ij^:7 ft COSE^ and 20.5 ft (-14,5 ft COSD) in
adjacent boreholes CP-lli, CP-104B, CP-1 lli and TB-I^ respectively. These data indicate that

1st 1
the silty sand unit is presehtiB^eefri: and 6f§ ft below the depth penetrated by either MW-39-2 

Is 'll. II
orMW-39-3.

Silty sand wil encountered in boreholes CP-116, CP-117, CP-118, and CP-119 at 4 to 6
•Xv:;.

ft bgs (1.1 ft COSD). It not clear whether this material represents man-made fill or native

material, however, lithologic logs from surrounding wells CP-106B, CP-107, CP-109, CP-110, 

CP-115A, CP-115B, CP-122B, TB-2, TB-3, TB-4, TB-5, and TB-7 indicate that the silty sand 

confining unit is present between 15.8 and 21.4 ft bgs (-10.2 and -15.6 ft COSD) at these 

locations. Interpolation of data from surrounding boreholes indicates that the silty sand confining 

unit is present in the subsurface beneath monitoring wells CP-116, CP-117, CP-118, and CP-119 

at depths ranging between 16 and 23 feet bgs (between -11 and -16 ft COSD.

A silty sand unit was encountered at 12 ft bgs (-6 ft COSD) in borehole CP-114. 

Borehole CP-114 penetrated approximately 4 ft into this unit before termination. The silty sand 

unit identified in borehole CP-114 has been interpreted as representing the silty sand confining 

unit at this location.
The silty sand unit extends from approximately 15 to 20 feet bgs, to a depth of 30 to 45 

feet bgs. Boring logs from monitoring wells and test borings installed on the leased parcel
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revealed that the silty sand unit was present at depths ranging from 12 to 21 ft below ground 

surface (bgs) in all borehole locations and is interpreted to be continuous beneath the site. The 

unit is composed of gray or olive, moderately sorted, fine- to medium-grained, but predominantly 

fine-grained, silty sand. Trace amounts of coarse sand, shell debris, and wood debris are reported 

to be present at some locations and depths. Within the silty sand layer, a light gray to brown, 

moderately to poorly sorted, silty sandy gravel layer was reportedly encountered at some borehole 

locations. The gravel layer is labeled "Intermediate Zone" in the cross sections. When 

encountered, the top of the layer was identified at a depth of approximately 24 to 28 feet bgs (19 

to 22 ft COSD) (e.g., TB-4, TB-7, CP-109, CP-115B). The material in the silty wid unit appears 

to be native sediment of Smith Cove.
The deep sand unit, where present, directly underlies, the^silty sand unit, llg! deep sand

^ \ ...
unit is composed primarily of olive to gra)ppil|ily to modjK’ately sorted, medium- to coarse

grained sand and gravell^,|fp!i^»^%ell and were ftited at some locations. The sand 

at borehole CP-104B than at boreholesand gravel of this unit w^e obseryejd to be nlich co 

CP-103B and CP-108B (^CON, 19^9), su||esting a possible facies change.

Ti|f depth of file top Of the deep sand unit varies from approximately 28 feet bgs near the
•ii:;?:' - - - ^ ^ . i -.1southwest-Isomer of'the leased parcel (borehole C-103B), to approximately 45 feet bgs at the 

southeast coiier (borehole CP-108B). The unit was not encountered in one borehole (CP-105B)

at the north end of the leased parcel; this borehole was advanced to approximately 59 feet bgs. 

The thickness of the deep sand unit, as indicated from geologic logs, varies from approximately 3 

to 4 feet, near the central portion of the leased parcel, to approximately 32 feet near the southwest 

comer of the leased parcel.
The silty clayey sand and silty sand unit is composed of olive to gray, poorly to moderately 

sorted, fine-grained sediments, including silty sand, clayey sand, and silty clayey sand. Traces of 

shell debris and wood debris were observed in some locations. This unit was encountered directly 

under the deep sand unit, in boreholes CP-106B, CP-115B, and CP-122B. The top of the unit 

was encountered at between 41.5 and 42.5 bgs. The unit's thickness is not known because the 

bottom of the unit was not intersected, but the thickness is at least 13.5 feet at borehole CP-115B. 

The horizontal extent of the unit is not known.
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4.2 Hydrogeology

4.2.1 Regional Hydrogeology

The groundwater flow systems in western Washington can be grouped into regional and 

local flow systems. The regional flow systems are generally belieyed to be de^ipiig-flow path 

systems that are recharged in the Cascade Mountains and acyacent foothilii; andilischarge to the

lower floodplains and terraces of the Puget Sound area,^g||i®^^oundwater systems are 

superimposed on the regional and intermedi|1« systems %d jg|j;primarily contrc^ed by local

topographic and geologic conditions

Regional groundwater'flo|y regimes are i

assessment of their relati^ships

:ed to ilderlie the leased parcel, but an

le local:flow systeiffi underlying the parcel was outside the

scope ofithis inyes%ation.1

■ r ,4.2.2 Site Hydrogeology

This section presents a summary of the hydrogeology of the site and the immediate 

yicinity. The information is grouped into the following categories, each of which is discussed in a 

separate section below: hydrostratigraphy, hydraulic conductiyity, water leyels, and tidal effects.

4.2.2.1 Hydrostratigraphy

Analysis of the geologic and hydrogeologic data collected during the RFI and during 

preyious investigations (EMCON; 1988, 1989) indicates that four primary hydrostratigraphic 

units exist beneath the leased parcel. These units roughly correspond to the four primary 

stratigraphic units discussed earlier. The hydrostratigraphic units are, in order of increasing
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depth, the following: (1) a shallow unconfined aquifer, (2) an upper confining unit (aquitard), (3) 

a deep confined aquifer, and (4) a lower confining unit. Figure 4-1 shows the locations, in plan 

view, of two vertical cross-sections through the subsurface beneath the leased parcel. The two 

cross-sections are displayed in Figures 4-2 and 4-3. The cross sections show the estimated 

positions of the contacts between the hydrostratigraphic units, based on the geologic logs of 

existing boreholes as well as soil and hydraulic test data.
The shallow aquifer corresponds to the shallow sand stratigraphic unit. It is unconfined, 

and contains an unsaturated zone extending from approximately zero to five feet Mi. Below the 

unsaturated zone, the shallow aquifer is fully saturated. The saturated tficknl|| of the shallow

aquifer is estimated to be from 10 to 15 feet, and is assumed be laterally contm|pus across the
li 111:

leased parcel.
The upper confining unit corresponds lo Ihs silty sanditratigraphic unit, and is sometimes

II ’ll
referred to as the silty sand layer ca: silty san(|| -

liP
unit. Tile upper confining unit is believed

.If ».. . ir , .'11.
tmll

contouf^ap developed ff^J|eologii|iogs, #the elevation of the upper surface of the silty sand

to be horizontally continopus across, the leas^ parcel and is fully saturated. Figure 4-4 shows a

layer bemsiath the le^d parc^. The upper surface of the layer forms a north-south oriented ridge 

along the western Jle of the leased parcel between wells CP-103B and CP-107. The surface 

elevation apparently falls off to the west, towards well CP-111, and to the east, towards CP-109. 

The area around CP-109 appears to be a topographic trough that is roughly circular in shape, 

blending into a broad and shallow north-south oriented trough in the north part of the leased 

parcel. In the area between wells CP-104B, CP-107, and CP-112, the surface forms a high 

saddle. Along the east side of the saddle, in the area west of the Small Yard, the surface slopes 

eastward toward the trough. Based on the geologic logs, this trough is approximately 5 feet deep 

near well CP-109.
Figure 4-5 is a map showing the estimated thickness of the silty sand unit. Each contour 

fine, or isopach, coimects points of equal thickness. The thickness of the unit is greatest near the 

southeast comer of the leased parcel and decreases to the west and to the north. The maximum 

difference in unit thickness corresponds to boreholes CP-103B and CP-108B, between which the 

difference is approximately 16 feet.
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The deep confined aquifer corresponds to the deep sand stratigraphic unit discussed 

above. The deep aquifer appears to be laterally continuous across the southern and central 

portions of the leased parcel, but it is not known if it exists beneath the northern portion of the 

parcel. The deep aquifer is confined above by the silty sand layer, and below by the lower 

confining unit.
The lower confining unit corresponds to the silty clayey sand and silty sand stratigraphic 

unit. Neither the thickness nor the horizontal extent of the lower confining unit were assessed 

during this RFI. Based on the texture and lithology of the sediments that compise the lower
confining unit, the unit's hydraulic conductivity is probably less than or eqU^ td^|[iat of the upper

'W>.

confining unit.

42.2.2 Hydraulic ConducthatV' I li.
iiiP

ii

I
1

■ilp- II%

111
r

k II

.This section summ|||es the rs$sults olliydraulic conductivity testing performed as part of

the RFI, including fi||i hydrlilic slug tests in monitoring wells and laboratory triaxial permeability 

tests of soil samples from the silty sand layer. The results of other hydraulic testing performed 

during the two previous hydrogeologic investigations can be found in EMCON (1988, 1989).

Horizontal Hydraulic Conductivity

The results of the field hydraulic slug tests conducted in the new monitoring wells and well 

CP-105B are summarized in Table 4-1. Although the vertical hydraulic conductivity of the 

medium may have some influence on the test results, the values should be considered estimates of 

horizontal hydraulic conductivity. The table includes values obtained using the Bouwer and Rice 

(1977) and Cooper et al (1967) analysis methods, as well as the likely best estimates of the 

hydraulic conductivities. The best estimates were obtained by selecting those values which 

correspond to the best type curve matches to the data, and then rounding the resulting values to 

one significant figure. The best estimates are only reported to one significant figure to emphasize
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that the measurement process is probably only accurate to within approximately one order of 

magnitude.
Plots of the water-level data versus time, with the slug test type curves overlain, are given 

in Appendix G. Note that in some cases only one method was used to estimate the hydraulic 

conductivity, because the other method's type curve did not fit the data well.

The statistics of the best estimates of hydraulic conductivity are summarized in Table 4-2. 

The data indicates that the geometric mean hydraulic conductivity of the shallow aquifer is 

approximately two orders of magnitude greater than that of the deep aquifer. Jlpishote that the

standard deviation of the natural logarithm of hydraulic conductivi^ is applb^^ly the same for 

the shallow and deep aquifers. Since the slug tests priipsrSy' provide estimate® of horizontal

hydraulic conductivity averaged over the satmated, screet|^ interval of the well|||he standard 

deviations indicate that the total spatial variability of hydraulic conductivity is about the same in

the two aquifers.

f li.

iw

1

II
ii

Vertical Hydraulic Oonducti^^fty

Results of the triaxial permeability testing performed on soil samples from the silty sand 

layer (upper confining unit) are summarized in Table 4-3. These values should be considered 

estimates of the vertical hydraulic conductivity of the upper confining (silty sand) unit. The 

lowest estimated horizontal conductivity of the shallow aquifer (2.9 x 10"^ cm/s) is over 34 times 

greater than the highest estimated vertical conductivity of the silty sand layer (8.1 x 10*5 cm/s), 

indicating that flow is primarily horizontal within the shallow aquifer.

4.2.2.3 Water Levels

This section discusses the results of monthly fluid-level measurements collected from wells 

that are on or in the immediate vicinity of the leased parcel. The fluid levels include water levels 

and NAPL levels (where applicable). Data from well W-10 were not used due to the unreliability
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of the data. The fluid-level measurements were used to assess the spatial distribution of hydraulic 

head in the subsurface, the gradient of which is the driving force (per unit fluid weight) for 

groundwater flow. The measurements were also used to assess temporal variations in 

groundwater flow conditions. The fluid-level measurement results are tabulated in Appendix G. 

Appendix G also contains well hydrographs compiled from monthly fluid-level measurements.

Water levels in the shallow aquifer wells are typically between four and seven feet bgs, 

with the highs occurring in the winter and the lows in summer. All of the shallow-well 

hydrographs show this overall seasonal variation, with some other variations jpiirimposed on 

them. For instance, the hydrographs show a more pronounced decreaseih thiipieasured water 

levels in the summer of 1992 than in the summer of 1993, 'One reason for thr|||nay be that a 

drought occurred in the spring and early sumrner of 1992 b»t did^not recur in 1993;. With some

minor exceptions, the hydrographs from the (^e^^t wells are ^consistent with one another, in that

their water levels display; jporal vj

on CO

appeaillp be well correlated.

re ur maps %f the shallow aquifer for the period

ranging ^m Febiwiry 1992 to August 1993 Ife provided in Figures 4-6, 4-7 and G-1 through G-
17 of Ai|i|ndix G. ||i exarfction of the data provided on these contour maps indicates that the

dominant ^undvyjlr flow direction in the shallow aquifer was consistently towards the south-

south-west liifBss the site.

Some variations in localized groundwater flow directions within the site boundaries were 

observed. These variations occur most notably in the northern portions of the site during the 

period ranging from February 1992 through November 1992 and appear to be an artifact resulting 

from the contouring of limited data points during this time period. This is evidenced by the 

consistency of groundwater flow direction observed from November 1992 through August 1993. 

Groundwater contour maps generated for the period from February through November 1992 

were produced using data gathered fi'om the eight shallow groundwater monitoring wells that 

existed at the site at that time. Groundwater contour maps generated for the period ranging fi-om 

December 1992 through August 1993 were produced using data gather from these same eight 

wells plus ten additional wells installed during implementation of the RFI Work Plan.

During February and November 1992 (Figures G-1 and G-9, Appendix G) the 

groundwater flow direction in the northern portion of the site appears to have shifted towards the
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south-east, and almost directly to the south in October 1992 (Figure G-8, Appendix G). 

Likewise, the groundwater flow direction in the northern portion of the site appears to shift to the 

south-west with groundwater flow in the southern portion of the site changing to the south during 

June through September 1992 and again in November 1992 (Figures G-4 through G-7 and G-9, 

Appendix G, respectively).
Groundwater contour maps for the shallow aquifer generated for the period from 

December 1992 through August 1993 were produced using data gathered from all eighteen 

shallow monitoring wells. These data indicate that the groundwater flow direction h consistently 

to the south-south-west across the site. ''
Figures 4-6 and 4-7 show the distribution of hydrayliq'head in the shallo^j|quifer during 

March 1993 and July 1993, respectively. Me^ured water l^els,.„aad where applicable measured 

LNAPL layer thicknesses and LNAPL specifrc gravities, were used to compile the maps. Both 

maps show a pattern of headiacrease toward Ihe aoT&east polion of the leased parcel, and head 

decrease toward the southwest.. The head appears li'vary approximately linearly over the 

northern aiid easfem portions of the leased p^el during both months.
Hydraulic he^ valudsin the shallow aquifer beneath the leased parcel during March 1993 

were approximately 0.3 feet to 0.7 feet higher than during July 1993. The maximum difference in 

head values between the two months, for wells on the leased parcel, was approximately 0.69 feet 

at well CP-118.
The March 1993 map shows what appears to be a somewhat rounded ridge running 

approximately from well CP-111 to well CP-110, and a very shallow trough adjacent to this ridge 

on the north. The trough is most evident in the -0.2-foot contour line, at a point approximately 

30 feet southeast of well CP-107.' Based on Figure 4-6, the estimated maximum hydraulic 

gradient beneath the leased parcel during March 1993 was approximately 0.0067.

The July 1993 map indicates that the trough observed in the March 1993 shallow aquifer 

potentiometric surface apparently developed into a deeper, more pronounced feature by July. 

Based on Figure 4-7, estimated hydraulic gradients in July varied from approximately 0.0018 in 

the northern portion of the leased parcel, to 0.013 in the western portion.

Groundwater elevation contour maps of the shallow aquifer (Fij^res 4-6, 4-7, and G-1 

through G-17, Appendix G) indicate the presence of a localized groundwater mound between
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monitoring wells CP-118 and CP-110. Monitoring well CP-110 is situated in a topographic 

depression which tends to collect surficial water during precipitation events. Numerous cracks 

exist in the pavement covering this depression which serve as points of preferential recharge to 

the surficial aquifer, resulting in the existence of the groundwater mound in this area. The 

presence of the groundwater mound in this area has resulted in a slight deviation in the 

groundwater fiow direction between monitoring wells CP-118 and CP-110, however, the 

groundwater flow direction remains to the south-south-west across the site.

Hydrographs of the deep aquifer monitoring wells show that temporal ii«riations in the

deep aquifer hydraulic head generally follow a pattern similar to that of the shdlitew aquifer, with 

some important exceptions. The monthly hydraulic head^. values fi-om tidally-mfluenced deep 

aquifer monitoring wells generally fluctuate more widely th£^ those from the shallow wells.

Maps of the March 1993 and July 1993 deep aquifer potentiometric surfaces are shown in 

Figures 4-8 and 4-9, re^p|pi^| Both 

northern part of the leal|d parcel and deer

iht appears toparcel, the hy

that til;, hydraulic head is highest in the 

d. In the southern half of the leased 

roughly southward, with a slightly southwest

componest near thjjbasteni portion of the parcel. The hydraulic gradient is greatest near the
wi. .slW

southeast comer of^e leased parcel, where it is approximately 0.01.

The potentiometric surface maps for the shallow and deep aquifers indicate that there was 

a downward hydraulic gradient between the shallow and deep aquifers, across the silty sand layer, 

both in March and July of 1993. The downward gradient is present in all of the well nests (CP- 

103, CP-104, CP-106, CP-108 and CP-115). Although the deep aquifer was not encountered in 

borehole CP-105B, there was also a downward vertical hydraulic gradient at well nest CP-105.

4.2.2 4 Tidal Effects

Tidal Response Parameters

One of the objectives of the tidal monitoring session is to understand the effects of tides 

on the deep confined aquifer groundwater system underlying the leased parcel. A graph of tide
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level versus time for the 75-hour monitoring period conducted in March 1993 is presented as 

Figure 4-10. The barometric pressure was also recorded during the tidal monitoring session. A 

graph of the barometer reading (in pounds per square inch, PSI) versus time during the 

monitoring period, is presented as Figure 4-11. There was a general trend of decreasing 

barometric pressure during the monitoring period. Wells influenced by decreasing barometric 

pressure would exhibit rising water levels. To understand the tidal influence, it is necessary to 

differentiate groundwater response to tidal effects from groundwater response to barometric 

effects. To aid in recognizing spatial and temporal trends in the hydraulic r§§p>nse, a plot of
mmeasured groundwater elevations versus time was prepared eacf' bf i|ie deep-aquifer 

monitoring wells. These are included in Appendix H. Th^^birometric effects ?|td tidal effects 

were then removed from the groundwater eleyation versusf^timi^j|Jots in order td|f stimate the
O 'L'

barometric and tidal response parameters. '^The procedure lor this is discussed in Chapter 3

(Appendbc B). The plot
'

barome
presented in Appendix li|| The gmmdwaterpevationslire referenced to City of Seattle Datum.

ce andpdal influence removed are also

From these graphs, the ti®'fesponl|lparan^ers, including the amplitude, time lag (phase) and 

tidal efff^ency, were: estimated and are presented in Table 4-4. A contour map of the tidal 

efficiencies is presenfed as Figure 4-12. Figure 4-12 shows that tidal efficiencies decrease 

exponentially^th distance from the influencing source. The nearest tidal influencing source is a 

small inlet of Puget Sound, southeast of well CP-108B. Therefore, it is expected that the tidal 

efficiencies would decrease in a northwesterly direction as shown in Figure 4-12. Well CP-105B 

data were omitted from this plot because of the uncertainty of the information obtained from this 

well. This uncertainty is discussed in further detail later. The groundwater response to tidal 

influence lags behind the actual tide level changes. A contour map of the time lag distribution is 

presented as Figure 4-13. The general trend is for the groundwater response lag time to increase 

with distance from the source of tidal influence. For instance, well CP-108B is nearest to Puget 

Sound and, therefore, experiences the smallest observable lag time. Well CP-105B is located the 

greatest distance from Puget Sound and was omitted from Figure 4-13 because the lag time was 

significantly greater than the other wells.
Wells CP-103B and CP-108B show the strongest tidal influence. Nearly 90% of the tidal 

influence can be removed using a tidal efficiency of 0.085 and 0.305, respectively. After adjusting
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the water levels, there still remains some periodicity that seems to be related to tidal influence. 

This periodicity may be an artifact of the data collection time intervals. For example, the time lag 

is between 90 and 60 minutes for well CP-103B and between 30 and 60 minutes for well CP- 

108B. Water levels were recorded in half-hour intervals. Therefore, it is impossible within the 

resolution of the data to adjust the groundwater levels for the tidal influence time lag. No 

barometric influence was detected in either well.
Wells CP-104B and CP-115B are influenced by both tidal fluctuations and changing 

barometric pressure. The early part of the groundwater elevation versus time plot for well CP- 

115B (Appendbc H) shows a decline in the water level during the fifit 70|| minutes of the 

monitoring session. It is unknown whether this is a naturgA|||ii^frence or an artifact of the test. 

Following this initial decrease, there was a slight rising tr^ in the groundwater levels of both

wells. This rising trend can be removed in both wells by subtracting the barometric readings using
ii ''ll

a barometric efficiency o| lost of iuence be accounted for using a tidal

is a tidal

efficiency of 0.006 for wil CP-lQi^ and O.Op for weif%P-l 15B. SimUarity in efficiency values 

' ' * " wells #e equidi^ant ffdii Puget Sound, and thus, the tidal influence. There 

Iwells CI^104B and CP-115B of between 150 and 180 minutes. AsIuence tilie lag
with wells CP-103Blimd CP-108B discussed previously, not all the tidal influence can be removed 

because time lag can not be precisely determined.
In wells CP-106B and CP-122B, almost all water level fluctuations can be accounted for 

by subtracting the barometer readings from the groundwater elevations. The barometric 

efficiency is 0.65 for well CP-106B and 0.75 for well CP-122B. No tidal influence was observed 

in either well after the barometer reading is removed.
The groundwater level in well CP-105B appears to be influenced by both barometric and 

tidal effects. The slight rising trend in the well correlates with the decreasing barometric pressure. 

When the barometric effect is removed from the groundwater elevation, using a barometric 

efficiency of 0.5, the slight rising trend flattens. There are three definite peaks occurring every 

1500 minutes (25 hours) that are probably the result of tidal influence. The peaks plateau for 

about 12.5 hours before decreasing again. The graph then becomes relatively flat for another 12.5 

hours before the water level begins to rise again. When compared to the tide level versus time
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graph, peaks in the groundwater correspond to the highest tide levels, given a lag time of 840 

minutes (14 hours).
Groundwater level data from well CP-115B exhibit significant minor fluctuations. The 

high-low tides are probably masked behind this noise and do not appear in the plot as influencing 

the groundwater elevation in this well. The larger tidal influence time lag, compared to the other 

wells, is due in part from its greater distance from Puget Sound. However, tidal time lag 

decreases linearly with distance from the source (i.e. Puget Sound.) Therefore, distance alone 

cannot account for the large time lag value. It is unknown why CP-115B exfiifeigS^such a large 

time lag but it is possibly due to the placement of the well screen in a confining :^ne, causing the

tidal influence to take longer to propagate through it. _
The degree of communication between {he tidal mol||prin|,|yells and the Puget Sound can

be evaluated by comparing the ratio of tr^si^sivity to Uprativity (TjS) according to the 

following equation (Ferrj|.195l'):

ir
where

Ik
%

i
IIP

I
■

'

(1)

T = Transmissivity (ft^/min)

S = Storativity (dimensionless)
X = the distance from the body of tidally influenced water to the well (ft) 

tg = the period of the tidal cycle (min)

= the time lag (min)

The values for were determined from groundwater elevation versus time plots provided in 

Appendix H. Values for are provided in Table 4-4.

The results of this analysis reveal that the ratio TjS is generally consistent from well to 

well with the exception of CP-105B (Table 4-5). Monitoring well CP-105B had the lowest 

calculated TjS ratio of any of the monitoring wells that showed tidal influence. The ratios of
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were consistently in the range of 1x10^ to 7x10^ m^/day for monitoring wells CP-103B, CP- 

104B, CP-108B, and CP-115B while monitoring well CP-105B had a calculated TjS ratio of 

1.5xl0W/day.

Monitoring well CP-105B is screened across the same elevation that the deep aquifer was 

encountered in other monitoring wells. The lithologic log from monitoring well CP-105B 

indicates that the deep aquifer is not present at this location, although tidal monitoring data 

indicates that a some hydraulic connection exists between monitoring well CPaifrjiB and the deep 

aquifer. The lack of tidal response in monitoring wells CP-106B and CP-12i|B indicates that

these wells are screened in a portion of the deep aquifer 

Puget Sound.

Slug test data collected from grour
.o'' '115B, and CP-122B re\^iH%dfclic cone

not hydraulically coimected to the

ill. 1.
monitoritig wells CP-105B, CP-106B, CP- 

les of%10•^ 6x10■^ lxl0•^ and IxlQ-^

cm/sec, respeeUvely (Table 4.1V 'T1iese data indicate that CP-106B and CP-122B are screened in 

sediments with hyi||ailic cenductivit||yah......... ^_________________ilues on the order of one to two orders of magnitude

lower thst CP-105Bland CP-115B. Additionally, well purging during water sampling at these 

wells revelljrqcharge rates estimated at 0.25 and 1 liter per minute for wells CP-122B and CP- 

106B, respectively. The low hydraulic conductivity rates in monitoring wells CP-122B and CP- 

106B indicate that monitoring wells CP-106B and CP-122B are screened in portions of the 

deeper aquifer that are not hydraulically connected to the other wells screened in the deep aquifer.

Hydraulic Gradients

Three triangular areas were defined to calculate hydraulic gradients. Each of these areas 

are defined by the three deep-aquifer monitoring wells that form the vertices. Triangular area 1 is 

defined by wells CP-104B, CP-105B and CP-115B. Triangular area 2 is defined by CP-103B, 

CP-104B, and CP-106B. Triangular area 3 is defined by CP-103B, CP-108B, and CP-122B. 

Figure 4-14 shows the location of each area. Time-averaged water levels of each triangular area
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were used to calculate the time-averaged hydraulic response in each area. The results are 

presented in Table 4-6.
Figures 4-15 and 4-16 show the gradient magnitude (dimensionless) and azimuth 

(degrees) versus time of triangular area 1. The azimuth is non-periodic while the magnitude 

shows some periodicity of about 24 hours. The irregular trends of this triangular area are possibly 

due to fluctuating water levels of well CP-105B relative to the other wells. The upward trend of 

the azimuth and downward trend of the magnitude during the early part of the graphs could be the 

result of the decreasing water level in well CP-115B during the first 700 minute^ magmtudes 

vary between 0.0026 and 0.0036. The groundwater flow direction (azimuth) yides between 31
;-;S

and 56 degrees. ;.
V:-;:

Magnitude and azimuth of triangular areas 2 and 3 me sho^ in Figures 4-^f through 4- 
20. Unlike triangular area 1, the azimuth ail lagnitude are smooth and regular, varying quasi- 

periodically. The variation resembles the tide with hi||?high and low-high values every

12.5 hours. In triangillr area.iiL the malbitudes v#y between 0.0061 and 0.0088. The 

groundg^df lo^i|irectidlfaziniut%varie^5|rom 51 to 58 degrees. In triangular area 3, the

magnitudes vary belgeen 0l094 and 0.025. The groundwater flow direction (azimuth) varies
11: liibetween 8l|and lOJiegrees. The azimuth graph shows that a longer period of time is required to 

change direction from near 100 degrees than from near 80 degrees. The gradient magnitudes of 

each triangular area decrease with distance away fi'om Puget Sound, with triangular area 3 

showing the largest gradient magnitudes and triangular area 1 showing the lowest gradient 

magnitudes.
A second approach to determining the hydraulic gradient was by graphical analysis. The 

maximum, minimum and average gradients and the azimuth direction of each was estimated by 

visual examination of thirteen instantaneous contour maps corresponding to consecutive six-hour 

periods. These figures are included in Appendix H. This approach allows additional information, 

such as the shape of the potentiometric surface contours, to be incorporated in the estimates. The 

results are shown in Table 4-7.
In addition to the analyses discussed above, water levels for each well were time-averaged 

for the entire 75-hour monitoring period. The resulting hydraulic head map is presented in Figure 

4-21.
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4.3 Groundwater Use

The research conducted for use of the groundwater within a one-half mile radius of the 

facility revealed the presence of one water-supply well located west of the project site and north 

of Cold Storage Warehouse W-39. Figure 4-22 shows the location of the well on Terminal 91.

The water supply well was drilled, installed, and tested in 1943 under the direction of the 

United States Navy (Navy). This well is currently not used, but it has been used for industrial 

cooling water purposes in the past. «
The well log indicates the ground surface elevation at the well is IS.69 feet above Mean

'llLower Low Water Level (MLLW). This datum is believed^lief .05 feet below Mean Sea Level 

(MSL) and 12.52 feet below the City of Seattle Datum. At the time of well co%letions, the

Static water level was at 9.0 feet below ground isurface (bg
ii

step casing. The well was dlaillfeto appro:'

ich-diaiieter casi IF

The well was constructed using 

iS and a 15-inch-diameter casing

^en the

was theifmstalled from the ground surface to 625 

'o casings appears to have been grouted. A third
was installed. Then, a 1 
feet bgs, and the atmular ^ce b 

casing l%nches inl|iamet^|was installed from approximately 612 feet bgs to 1,050 feet bgs 

through tililU-inctiilasing. The drill hole was terminated at 1,084 feet bgs within a blue clay 

layer. The 12-inch-diameter casing was perforated from 250 to 303 feet bgs. The 10-inch- 

diameter casing was perforated from 635 to 747 feet bgs within sand layers encountered at those 

depths.
A pumping test was conducted in March 1943 for a period of 54.5 hours. The pumping 

rates varied between 436 and 535 gallons per minute (gpm). The weighted average of the yield 

was approximately 450 gpm and a maximum drawdown of 89 feet was recorded.

Following the completion of the pumping test, groundwater samples were obtained and 

analyzed by Laucks Laboratories Inc. (Laucks). The analysis results are presented in Table 4-8.

The first confined aquifer where the well casing is perforated is separated from the 

unconfined aquifer near the ground surface by approximately 180 feet of clay with interbedded 

sand layers. The unconfined and the confined aquifers are separated by at least two distinct 

aquitards consisting of blue clay. The upper and the lower aquitards are indicated to be 25 feet 

and 52 feet thick, respectively.
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The lower interval of perforations is likewise separated from the above aquifer by 

interbedded layers of clay and sand. Therefore, it is likely that the water produced by this well is 

from two separate confined aquifers.
The City of Seattle Water Department (City) had considered the use of this well as a 

potential source for domestic water supply. In May 1993, samples of the groundwater were 

obtained by the City for water quality analysis. The results of the analysis are presented in Table 

4-9. Due to the high concentrations of several constituents not related to Burlington operations,
r expWAg results of

the sampling are included in Appendix M.

1
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5 NATURE AND EXTENT OF CONTAMINATION

This section discusses the results of the site characterization with respect to analytical 

sampling activities. It documents the presence of various chemical compounds and elements in 

the soil, storm drain sediments, and groundwater. In addition, it discusses the vertical and 

horizontal distribution of these constituents in the impacted media

5.1 Soil Sample Chemical Analysis Results
iili#

■s

1 Ihis RFI areThe results of the soil sample chemical analyses performed as part oF 

discussed below. The corresponding laboratory data reports are presented in Appendix I. The
I:!:!:!:

results are organized into thelolfowing anal)4|p»#%^^

11 II ir '%
11

>c.

svdiir'

TPFH and TPH;

PCBs; and

il.iI

metals.

Sampling results that are presented as estimated were flagged with a "J" by the analytical 

laboratory. A "I" flag means that the compound was positively identified, but the concentration 

cannot be accurately quantified.
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5.1.1 VOCs in Soils

A summary of VOC detections in soil samples is presented in Table 5-1. VOCs detected 

in soil samples were primarily chlorinated VOCs (CVOCs) and BTEX. However, carbon 

disulfide and ketones (acetone, 2-butanone and 2-hexanone) were also detected. For the purpose 

of discussion, the detected CVOCs are grouped into two categories - methylene chloride and all

other CVOCs.
ipiiPir

iir
;ected in

1 PI

i|

if the sd| samples analyzed; nearly every
SP.;.

'lene dhloride detection. Methylene chloride

5.1.1.1 CVOCs in Soils

Methylene chloride ^ 

borehole had at least______ ___ ______ sampies.with a ^___ _____  _____
detectiofiS ranged fit)m 1.8.tjg/kg (estknated)lb 11,000 ug/kg. However, methylene chloride was

■p;.. V
detectedlik the met® blarli^s well as in the sample, suggesting that laboratory contammation

may be res|pnsible for many of the methylene chloride detections. Exceptions are the following;
II . ..pPiP

borehole CM lb (1900 ug/kg at 2 feet bgs), CP-117 (4400 ug/kg and 5500 ug/kg at 2 and 6 feet 

bgs), HA-5 (1100 ug/kg at 4.5 feet bgs), and HA-10 (1100 ug/kg at 1.5 feet bgs).

CVOCs other than methylene chloride were detected in soil samples from boreholes CP- 

117, CP-119, CP-122B, HA-04, HA-05, HA-07 and HA-11. Figures 5-1 through 5-3 present 

maps of total concentration of detected CVOCs at various depths. Data collected during the two 

previous hydrogeologic investigations (EMCON; 1988, 1989) were combined with data from this 

RFI when developing these maps.
Chlorinated solvents detected during this phase of the RFI include 1,1-dichloroethane, cis- 

1,2-dichloroethane, trichloroethane, perchloroethane (PCE), 1,1,2-trichlorotrifluoroethane, 

trichloroethene (TCE), and chlorobenzene. Concentrations of these constituents range from 

below the detection limit in many samples, to a high of 4,000 ug/1 of PCE in borehole HA-07 at a 

depth of three feet bgs. Most of the constituents are present in concentrations less than 1,000 

ug/1. For specific concentrations for each CVOC detected, see Table 5-1.
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Figures 5-2, 5-2, and 5-3 indicate that the highest concentrations of total CVOCs are 

located in the eastern portion of the Small Yard and in the north central portion of the MDO 

Yard. Boreholes exhibiting the highest concentrations of total CVOCs include TB-7, HA-07, CP- 

117, and CP-119. In general, the concentration of total CVOCs appears to decrease with depth.

5 112 BTEX in Soils

BTEX compounds were detected in boreholes CP-106B, CP-112, H-l ^ CP-115B, CP- 

116, CP-117, CP-118, CP-119, CP-121, CP-122B, CP-l|2C,^and HA-03 throu4^HA-12. The 

m^ority of the detections, and the highest co^entrations, general^ correspond to ^pths of less 

than 20 feet. Concentrations of benzene in soils loss than 20 feet deep ranged from 73 ug/kg to 

910 ug/kg, toluene from O itg^ to 140,000 ug/1^, ethylbenz^e from 3.7 ug/kg (estimated) to 

530,000 ugAcg, and to|al xyleries from L7 ug/kg%stimated) to 630,000 ugAcg. The 

concenWOn ranges for soils deeper^han 2^ feet were benzene, (none detected); toluene, 2.2 

ug/kg (estimated) tO.26 u^ (estirnated); ethylbenzene, 3.7 ugAcg (estimated) to 4.1 ugAcg

(estimated|;(otalj(^nes, 4.4 ug/kg (estimated) to 7 ug/kg.

Figures 5-4 through 5-6 present maps of the total concentration of detected BTEX 

compounds at various depths. These maps indicate that the highest concentrations of BTEX 

detected in shallow soil during this investigation appear to be in the areas of boreholes CP-116, 

CP-117, CP-118, CP-119, and the new hand-auger boreholes (HA-03 through HA-12). 

Generally, the highest concentration of BTEX compounds are located in the Small Yard and the 

central portion of the MDO Yard.
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5 1 1 30ther VOCs in Soils

Acetone was detected in many of the boreholes. In most cases acetone was detected in 

the method blank as well as in the sample, suggesting that the laboratory may have been the 

source of the acetone in some or all of the detections. In the shallow soils (less than 20 feet bgs), 

the concentrations range from 6.8 ug/kg to 32,000 ug/kg, while in the deeper soils (20 feet or 

deeper) they range from 18 ug/kg (estimated) to 300 ug/kg (estimated).

2-Butanone was detected in boreholes CP-111 at 6 feet bgs (1,000 ug/kg): i^d CP-114 at
6 feet bgs (5.9 ug/kg). It was also detected in borehole HA-07 at depfis ol||.5 feet bgs (63

..•.V

ug/kg) and 3 feet bgs (4,000 ug/kg); the latter detection was=accompanied by detection of the

analyte in the method blank. There was also pne reported detection of 2-hexanori%in borehole

CP-112 at 2 feet bgs (5.6 ug/kg). ilk 

■
ii

4Carbon disulfide was detected in both shallow and deelsoils with concentrations ranging

from less than the detectlin limit.jll'many bd|feholes, to a high of 3,500 mg/kg in HA-11 (at 1.5

feet bg^F^"’ II
1

ll.
5.1.2

II

in Soil

SVOCs were detected in soil samples from numerous boreholes. For discussion, the 

detected SVOCs are grouped into the following categories:

• substituted phenols
4-chloro-3 -methylphenol

• low-molecular-weight polynuclear aromatic hydrocarbons (PAHs)

naphthalene
2-methylnaphthalene

acenaphthalene
acenaphthene
fluorene
phenanthrene
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anthracene

• high-molecular-weight PAHs

fluoranthene

pyrene
benzo(a)anthracene

chrysene
benzo(b)fluoranthene
benzo(k)fluoranthene

benzo(a)pyrene
indeno( 1,2,3-c,d)pyrene
dibenzo(a,h)anthracene
benzo(g,h,i)perylene

• miscellaneous oxVienatediiimpound

ben^l alcohol 
■m II 

diberi||)furan%
%

• chlorinated aromatics
1,2,4-trichlorobenzene

• organonitrogen compounds
N-nitrosodiphenylamine

• phthalates
di-n-butyl phthalate 

butylbenzylphthalate 

bis(2-ethylhexyl) phthalate 

di-n-octylphthalate

1
11% 
i:;:;;;: m

I ^
11

ip ijf

A summary of SVOC detections in soil samples is presented in Table 5-2
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Both high and low-molecular weight PAHs were detected in numerous boreholes. Since 

SVOC contamination is primarily due to the presence of PAHs, total PAH concentration was 

selected as an indicator of the nature and extent of SVOC soil contamination. Figures 5-7, 5-8, 

and 5-9 present total PAH concentrations at 0-2, 2-4, and 4-6 feet bgs. The maps indicate that 

PAH contamination is generally widespread at the site, and is also present in significant 

concentrations off site to the southwest (at CP-11).
Concentrations of individual compounds ranged from a low of 110 ug/kg for many 

compounds to a high of 110,000 ug/kg (estimated) for 2-methyl naphthalene in borehole CP-119 

(two feet bgs). The detection of limits for many compounds were elevated due tOi the presence of

high concentrations of specific PAHs.
IIMiscellaneous oxygenated compounds yvere detected in boreholes CP-106B|||;P-111, CP-

116, CP-117, CP-118, CP-119, HA-04, HA-09 and HA-
from 800 ug/kg to 84(^^p;^hile ben|y|feili| was 

(estimated) in borehole HA-04.

tected dibenzofuran levels ranged 

ected at a level of 1500 ug/kg

5®
Ofld chloifrtftted aromatic SVOC (l,2fl-trichlorobenzene) was detected in soil at 4.5 feet
II W Ik II

and 6 fellpi borehob HA-03 (1600 ug/kg estimated and 33,000 ug/kg estimated, respectively).

Oiiibrgan
y#

Irogen compound (N-nitrosodiphenylamine) was detected, in borehole HA-

04. The corliiitration was estimated at 4100 ug/kg.

5.1.3 TPFH and TPH in Soils

TPFH was detected in at least one sample from every borehole drilled during this 

investigation. A summary of TPFH detections in soil samples is presented in Table 5-3. Levels of 

TPFH detected in soils less than 20 feet ranged from 50 mg/kg to 92,000 mg/kg. There was only 

one detection of TPFH in soils deeper than 20 feet. TPH was detected in borehole CP-122B at 

22 feet bgs (15 mg/kg).
TPH was detected in every soil sample analyzed from the site. Concentrations ranged 

from a low of 14 mg/kg (CP-115B at 36 feet bgs), to a high of 120,000 mg/kg (HA-11 at 1.5 feet 

bgs). Figures 5-10 through 5-12 present concentration maps for TPH at depths of 0-2, 2-4, and
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4-6 feet bgs. The maps indicate that while TPH contamination is widespread both on- and off

site, the highest concentrations are in the vicinity of the Small and Black Oil Yards.

Although not demonstrated by the Figures 5-10 through 5-12, concentrations of TPH and 

TPFH generally decrease with depth. Soils deeper than 15 feet bgs exhibit significantly lower 

concentrations of both TPH and TPFH than soils shallower than 15 feet bgs.

5.1.4 PCBs in Soils

Three PCB Aroclors were detected in soil samples fiom depths of 1.5 t|f 6 feet bgs in
boreholes CP-106B, CP-116, CP-117, CP-119, and hand-ai|er boreholes HA-03 tilugh HA-12.

ilk .A summary of PCB detections in soil samples;; is presert||d in Table 5-4. Maps of total

concentrations of PCBs deteeii%shallow sdls eorre&|ondini|p various depths are presented in
wFigures 5-13 though 5-15. With the excepti|i of borehSle HA-03 (3.09 mg/kg and 85 mgdcg at

if the lltected levels of Aroclor 1260 were lower than 14.5 andiiifbet b

mg/kg. Ihe highestftncentfations are from samples collected in the Small Yard.
1|
II

III
..-ks-

5.1.5 Metals in Soils

Metal detections in soil samples are summarized in Table 5-5. The following metals were 

detected in the soil samples: silver, arsenic, barium, beryllium, cadmium, chromium, copper, 

mercury, nickel, lead and zinc. Silver was detected in borehole CP-117 at 2 feet bgs (0.42 

mg/kg), and in borehole HA-07 at 1.5 feet (0.37 mg/kg). Arsenic was detected in all of the 

boreholes. Concentrations ranged from 0.59 mg/kg to 13.0 mg/kg (CP-122B at two feet bgs). 

Barium was detected in all of the soil samples tested, at levels from 10.9 mg/kg to 271 mg/kg. 

Beryllium was detected in soil samples from most of the boreholes, at levels from 0.18 mg/kg to 

0.57 mg/kg. Cadmium also was detected in soil samples from most of the boreholes, at 

concentrations between 0.20 mg/kg and 4.2 mg/kg.
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Chromium was found in all of the soil samples tested, at levels ranging from 9.9 mg/kg to 

96.2 mg/kg. Copper was also found in all of the soil samples at concentrations ranging from 3.7 

mg/kg to 54.4 mg/kg.

Mercury was detected in 12 of the boreholes, at levels between 0.022 mg/kg and 0.16 

mg/kg. Nickel was detected in every soil sample. Concentrations were between 12.0 mg/kg and 

48.0 mg/kg. Both lead and zinc were detected in every soil sample. Lead concentrations ranged 

from 0.91 mg/kg to 326 mg/kg. The highest lead concentrations (greater than 100 mg/kg) 

correspond to shallow soils from boreholes CP-106B, CP-116, HA-04, HA-07 ^dsMA-09. Zinc 

concentrations ranged from 13.5 mg/kg to 395 mg/kg.

t %

5.2 Storm Drain Sediment Sample Chemi^^ vsis Res

Chemical analysis results
'll:

5-6 andipr TiiP ;po8dmglab<

....'
the stodi drain sediftient samples are summarized in Tables 

■ “ L reports are presented in Appendix I. BothTPFH
and TPilidetectioitil were imported in all six of the storm drain samples. Reported TPH

v; II
concentraflins vary from 86,000 mg/kg at drain CP-S-1 to 270,000 mg/kg at drain CP-S-2. 

TPFH levelS ^ere reported from a low of 20,000 mg/kg at drain CP-S-6 to 340,000 mg/kg at 

drain CP-S-2, with the value at CP-S-2 qualified by an "E" flag to indicate the instrument 

calibration range was exceeded.
Six SVOCs were detected in the storm drain samples at quantifiable levels - 2-methyl 

naphthalene, phenanthrene, pyrene, benzo(a)anthracene, chrysene and bis(2-ethylhexyl)phthalate. 

Their levels were generally reported'in the range from 100,000 ug/kg to 520,000 ug/kg (pyrene in 

drain CP-S-3).
Eight additional SVOCs were detected, with their concentrations reported as estimated 

values. The eight additional SVOCs are; naphthalene, fluorene, anthracene, fluoranthene, 

benzo(b)fluoranthene, benzo(a)pyrene, indeno(l,2,3-c,d)pyrene and benzo(g,h,i)perylene. The 

corresponding estimated concentrations range from 14,000 ug/kg to 3,700,000 ug/kg (2- 

methylnaphthalene in drain CP-S-3).
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5.3 Groundwater Sample Chemical Analysis Results

The results of both the April 1993 and July 1993 groundwater sampling events are 

discussed below. The results are categorized both by the date of the sampling event (April 1993 

versus July 1993), and by the hydrogeologic unit from which the samples were collected (shallow 

aquifer versus deep aquifer). The corresponding laboratory data reports are presented in 

Appendices J and K.
For purposes of discussion, the concentrations of those analytes friat were detected at

quantifiable levels are compared to USEPA-established maa^im contaminant lef||s (MCLs) for

drinking water (USEPA, 1993).

The analytes are grouped into the fbll||vi||jCategories:

1
. VOCs;

|i

,iiipiiPi
i.

%OCs; 1., w %II. 'li-
r

iilik

.1

TPH;

PCBs;

dissolved metals; and

total metals.

5.3.1 Shallow Aquifer Groundwater Sample Chemical Analysis Results

G:\USERS\LORRAINE\DISK63\7040B.DOC BURLINGTON ENVIRONMENTAL INC.



5-10

5.3.1.1 First Quarterly Sampling Round - April 1993

Analytes detected in shallow groundwater during the April 1993 sampling round are 

summarized in Tables 5-8 through 5-12.

VOCs

VOCs detected in the shallow aquifer consist primarily of CVOCi' andllBTEX. CVOCs
.. . . .. Jl.................were detected at quantifiable levels in most shallow aquifer tpohitoring wells. T%se include six

_wells located near the west boundary of the leased parcel (CP-104A, CP-107, CP-ITO, CP-113, 

CP-116 and MW-39-3) and three wells located fteqr the central portion of the leased parcel (CP- 

109, CP-117 and CP-119). The most comnKmly$<detected CVOCs include 1,1-dichloroethane (6 

shallow wells) and chlorfcane (5 fallow wdls). Othfcss commonly detected CVOCs include

vinyl cpofide (39 ttg/1 in well CP-113), 1,1,1-trichloroethane (16 ug/1 in well CP-113), and
m 1|: ’ll. ’ll

trichlorb%ene (TCl§ (49 up in CP-113). All of the detected CVOCs were m the microgram 

per liter (or lower)|lnge, with the highest concentration being that of 1,1-dichloroethane, which

was detected# 270 ug/1 in well CP-117.

MCLs have not been established for 1,1-dichloroethane and chloroethane. The MCL for 

vinyl chloride is 2 ug/1, while those for 1,1,1-trichloroethane and trichloroethene are 200 ug/1 and 

5 ug/1, respectively.
In addition to the quantifiable CVOC detections discussed above, there were numerous 

other CVOC detections, for which the concentrations were reported as estimated values. In most 

of the cases involving CVOCs for which MCLs have been established, the estimated 

concentrations were below the corresponding MCLs. However, vinyl chloride was detected at 

estimated concentrations of 3.8 ug/1 and 7.5 ug/1 in wells CP-104A and CP-116 respectively. 

Vinyl chloride was detected at well MW-39-3 at an estimated concentration of 4.1 ug/1, but was 

also detected in the method blank.
Some of the CVOCs that were detected but whose concentrations were reported as 

estimates, have no MCLs. These include the following: 1,1-dichloroethane, chloroethane, and
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methylene chloride. Concentration estimates for 1,1-dichloroethane range from 1.7 ug/1 to 8.6 

ug/1 in wells CP-107, CP-109, CP-112 and CP-118. Estimated chloroethane levels vary from 3.2 

ug/1 to 210 ug/1 in wells CP-103A, CP-104A, CP-111, CP-112, CP-116, CP-117 and CP-118. 

The high estimate of chloroethane, 210 ug/1, corresponds to well CP-117.

Methylene chloride was detected in numerous shallow wells, at concentrations ranging 

from 0.73 ug/1 (estimated) to 300 ug/1, but in every case the analyte was also detected in the 

method blank. This suggests that the analytical laboratory may have been the source of some or 

all of the methylene chloride contamination that was detected in the samples.

Figure 5-16 shows a contour map of the total concentrations df C^OCs detected in
^ 'W:

shallow aquifer monitoring wells. This map shows that the highest total c6||pentrations of
W Wi

CVOCs were near the central portion of the leased parcel^ where two highs arel^own. The 

highest concentrations are associated with well CP-117, near the southeast comer of the Small 
Yard. A less pronounced hi^ti^jown at weil,M1^39-3, nearthe west side of the leased parcel. 

The presence of CVOCs%the styftjw aquif^ groundWlter in the northwest and central portions 

of the i^ility wasidso estftshed by;fhe 1988 and 1989 hydrogeologic investigations (EMCON;

Bfllx cop^unds were detected in fifteen of the shallow aquifer monitoring wells. The

ooncentratidisr some of which were reported as estimates, are well below the corresponding 

MCLs, with the exception of those reported for well CP-117. In well CP-117, toluene was 

detected at 1,800 ug/1 (the MCL is 1,000 ug/1), ethyl benzene was detected at 4,100 ug/1 (the 

MCL is 700 ug/1), and total xylenes were detected at a concentration of 11,000 ug/1 (the MCL is 

10,000 ug/1). Benzene also was detected at well CP-117; at an estimated concentration of 28 ug/1 

(the MCL is 500 ug/1).
Figure 5-17 shows a contour map of total BTEX compound concentrations in the shallow 

aquifer. Except for benzene, the highest concentrations of BTEX compounds correspond to well 

CP-117, which is located near the southeast comer of the small yard. The presence of BTEX 

compounds in the shallow aquifer was established in the 1988 and 1989 hydrogeologic 

investigations (EMCON; 1988, 1989).
Two volatile ketones were detected in the shallow groundwater samples, 2-butanone and 

acetone. 2-Butanone was detected in well CP-116 at an estimated concentration of 0.96 ug/1.
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Acetone was detected in numerous shallow wells at estimated concentrations from 1.1 ug/1 to 18 

ug/1, and in well CP-104 A at a level of 1.4 ug/1. In the case of the acetone detection at CP-104A, 

and some of the other shallow well acetone detections, the analyte was also detected in the 

method blanks. Acetone is routinely used in analytical laboratories and is commonly detected in 

samples at relatively low levels. It is possible that some or all of the detected acetone was 

introduced to the samples during laboratory operations.

SVOCs

Ili
SVOCs were detected at quantifiable lesyels in most shallow aquifer wells. T%se wells are

located near the western and central poi&nii.of the leHed parcel. SVOCs detected at 

quantifiable levels include|pPli||hthalene, 14-ehkao-3-metl^henol, 2-methyl naphthalene, 

acenaphthene and fluoreii^ Figidi 5-18 shoHs a contolr map of total SVOC concentrations in

the shallow aquif«*, The highest coriltentratiOis correspond to those wells in the Small Yard and
II li II IIMDO (CP-lli| CP-117, CP-118 and CP-119). No SVOCs were reported detected at 

quantifiabilslevels in well CP-117. However, estimated concentrations of 4-methylphenol (180
ug/1) and na|illKalene (57 ug/1) were reported along with elevated detection limits. MCLs have 

not been established for any of the SVOCs that were detected at quantifiable levels during the 

April 1993 sampling event.
There were numerous other detections of SVOCs in the shallow aquifer, for which the 

concentrations were reported as estimates. These include certain phenols, naphthalenes and 

phthalates, and the following; acenaphthene, dibenzofuran, fluorene, phenanthrene, anthracene, 

fluoranthene, pyrene and benzo(k)fluoranthene. With the exception of benzo(k)fluoranthene, 

which was detected at an estimated concentration of 2.3 ug/1 in well W-10 (the MCL is 0.2 ug/1), 

MCLs have not been established for any of these compounds.

Additionally, detections of di-n-butyl phthalate in wells MW-39-3 and W-10 were 

reportedly accompanied by detection of the analyte in the method blank. Phthalate esters are used 

as plasticizers; it is conceivable that the reported phthalate levels are the result of contamination 

of the samples via sampling and/or laboratory activities.
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TPFH and TPH

TPFH was detected in wells CP-109, CP-111, CP-115A, CP-116, CP-117, CP-118, CP- 
119 and MW-39-3. Neither TPH nor TPFH analyses resulted in detections in wells CP-103 A, 
CP-108A, CP-110, CP-114 and CP-121. TPH was detected in the remaining shallow aquifer 

wells. TPH levels varied from 1.3 mg/1 to 190 mg/1, whereas TPFH levels varied from 1.6 mg/1 to
100 mg/1. The highest levels of both TPH and TPFH were detected in wdll <£pf|19 in the MDO 

Yard. MCLs have not been established for TPFH and TPH,'f
1 
II

TPFH and TPH are potentially useful as genenal indicators of ovef|| petroleum
contamination, especially when the detection limits for spelUc VOCs or SVOCs are relatively

ii II
high. For instance, some of;the ^ecific SVOC Jesuits from wells CP-111, CP-115A, CP-117, 
and CP-119 were reportll as nonJletects wifi relativelyTiigh detection limits. In these cases the

ii
TPFH asid TPH provide at least a general indication of the level of petroleum hydrocarbon 

contamination in the ground^ter at these locations.
%

PCBs

PCBs were detected in one well during the April 1993 sampling event. PCB Aroclor 1254 

was detected at a concentration of 0.41 ug/1 in well CP-119, slightly below the MCL of 0.50 ug/1 

for PCBs (USEPA, 1993). Due to interference, the analytical laboratory reported elevated 

detection limits for PCBs analyses of the samples from wells CP-108A (10 ug/1), CP-111 (50 

ug/1), CP-116 (50 ug/1) and CP-122B (10 ug/1).

Metals
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No dissolved metals were detected in the shallow aquifer groundwater during the April 

1993 sampling event. However, the total metals analyses resulted in detections of chromium 

(0.016 mg/1) and lead (0.009 mg/1) at well CP-119, and lead (0.004 mg/1) at well CP-116. The 

chromium level in well CP 119 is well below the MCL of 0.1 mg/1. No MCL has been established 

for lead, but the detected lead concentrations are below the USEPA's action level of 0.015 mg/1 

(at tap) for lead (USEPA, 1993).

5.3.1.2 Second Quarterly Sampling Round - July 1993 ili

■jsi
Wi.Analytes detected in shallow groundwater during, the My 1993 samplt|g event are

I'X'I'I'. *summarized in Tables 5-13 through 5-17. ■iSSj.

VOCs

1 11.

1 ii. II
II

II

vdl|s deteclld in the shallow aquifer consist primarily of CVOCs and BTEX. CVOCs 

were detectWlt quantifiable levels in most shallow aquifer monitoring wells during the July 1993 

sampling event. The detected CVOCs include 1,1-dichloroethane, at reported concentrations 

from 6.9 ug/1 to 58 ug/1 in three wells (CP-104A, CP-116 and CP-119); TCE at levels of 19 ug/1 

and 12 ug/1 in wells CP-113 and CP-114; and chloroethane at concentrations from 80 ug/1 to 88 

ug/1 in wells CP-109, CP-119 and MW-39-3. The TCE levels exceed the MCL of 5 ug/1. MCLs 

have not been established for the other two compounds. Methylene chloride was detected at a 

level of 36 ug/1 in well CP-107, but the analyte was detected in the method blank as well as the 

sample, suggesting that the origin of the contamination in the sample may have been the analytical 

laboratory.
In addition to the quantifiable CVOC detections discussed above, there were numerous 

other CVOC detections, for which the concentrations were reported as estimated values. In most 

of the cases involving CVOCs for which MCLs have been established, the estimated 

concentrations were below the corresponding MCLs. However, vinyl chloride was detected at
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estimated concentrations ranging from 2.6 ug/1 to 9.0 ug/1 in wells CP-104A, CP-113, CP-116 

and MW-39-3. The MCL for vinyl chloride is 2 ug/1. TCE was detected at an estimated level of 

7.4 ug/1 in well CP-103 A.
Other CVOCs were detected for which MCLs have not been established, and for which 

estimated concentrations were reported. 1,1-Dichloroethane was detected at estimated 

concentrations ranging from 0.85 ug/1 to 9.4 ug/1 in wells CP-109, CP-113, CP-115A, CP-118 

and MW-39-3. 1,1,1-Trichloroethane was detected at an estimated concentration of 3.8 ug/1 in 

well CP-113. Chloroethane was detected at estimated levels of 2.5 ug/1 to 18 ug/IHn wells CP- 

103A, CP-104A, CP-110, CP-111, CP-112 and CP-118.

Figure 5-19 shows a contour map of the total •ations of CVOis detected in

shallow aquifer monitoring wells during the July 1993||iamplij^ event. Thi||map differs 

considerably from the corresponding map frrnn #ie April 1^3 sampling event. Comparison of

total CVOC concentration&5|iiiii| at each locato (other than well CP-117) on the two maps
'

shows that the values obtained for the two fcpling evfhts are comparable. However, because

________ .the detection limits for CVOCs in the sampie from well CP-117 were approximately ten times 

higher dii|irig the Ju||:event l|in during the April event, no CVOCs were detected in well CP-117 

during July 4993. . Jle presence of CVOCs in the shallow aquifer groundwater in the northwest 

and central pjftions of the facility was also established by the 1988 and 1989 hydrogeologic 

investigations (EMCON; 1988, 1989), and during the April 1993 sampling event.

BTEX compounds were detected in thirteen of the shallow aquifer monitoring wells. The 

concentrations, some of which were reported as estimates, are well below the corresponding 

MCLs, with the exception of those reported for well CP-117. In well CP-117, toluene was 

detected at 2,100 ug/1 (the MCL is 1,000 ug/1), ethyl benzene was detected at 4,100 ug/1 (the 

MCL is 700 ug/1), and total xylenes were detected at a concentration of 10,000 ug/1 (the MCL is 

10,000 ug/1). Although benzene was not detected at well CP-117, the detection limit was 

reported as 2,000 ug/1, due to interference.
Figure 5-20 shows a contour map of total BTEX compound concentrations in the shallow 

aquifer. Generally, the highest concentrations of BTEX compounds correspond to well CP-117, 

which is located near the southeast comer of the small yard. The presence of BTEX compounds
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in the shallow aquifer was established in the 1988 and 1989 hydrogeologic investigations 

(EMCON; 1988, 1989), and during the April 1993 sampling event.

One ketone was detected in the shallow groundwater. Acetone was detected in shallow 

wells CP-116 and CP-119 at estimated levels of 18 ug/1 and 2 ug/1, respectively. There is no 

MCL for acetone. Acetone is routinely used in analytical laboratories and is commonly detected 

in samples at relatively low levels. It is possible that some or all of the detected acetone was 

introduced to the samples during laboratory operations.

%

SVOCs
p”

The SVOCs detected in the shallow

m
luiiisr during th^>July 1993 sampling event fall into

one of the following categonfes: phenols, napfethale®es, phthali||s and other SVOCs.

Four phenols wer«<letectedin shallov|^|wells at r^ively low concentrations, ranging from

2.8 ug/l (estimated) to 33:^^Jg/l. Tl|; bulk if the phenol detections are accounted for by the
pi

detectioli||at wells (11-116 arid CP-117. Naphthalene and/or 2-methyl naphthalene were detected
■p

in nine of the shalldiv wells, at concentrations from 1.4 ug/1 to 110 ug/1. The majority of the 

naphthaleneiilitected in shallow groundwater are associated with wells in and around the tank 

farm (wells CP-109, CP-116, CP-117, CP-118, CP-119, MW-39-3 and W-10).

The compound 1,2-dichlorobenzene was detected at an estimated concentration of 2.8 

ug/1 in well CP-116.
Phthalates (di-n-butyl, butyl benzyl, and bis(2-ethylhexyl)) were detected in numerous 

shallow wells. However, for every detection the analyte was also detected in the method blank. 

This suggests that the phthalates may have been introduced during laboratory operations.

The other SVOCs detected in the shallow aquifer groundwater during the July 1993 event 

include acenaphthene, dibenzofuran, fluorene, phenanthrene and anthracene. MCLs have not 

been established for any of these SVOCs. Except for a detection of acenaphthene at 23 ug/1 in 

well CP-104 A, and a detection of anthracene at 16 ug/1 in well CP-119, all of the detections were 

reported in terms of estimated concentrations and all of the estimates were less than 10 ug/1. 

Except for anthracene, these SVOCs were detected primarily in wells CP-103A, CP-104A, CP-
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107, CP-108A, CP-109, CP-110, CP-111, CP-116, CP-118, CP-119, MW-39-3 and W-10. 

Anthracene was only detected in well CP-119.
A map of total concentrations of SVOCs detected in shallow groundwater during the July 

1993 sampling event is presented in Figure 5-21. The map shows that the areas of the shallow 

aquifer most heavily impacted by SVOCs are beneath the central portion of the leased parcel, 

primarily the MDO Yard.

TPFH and TPH

TPFH was detected in eight wells (CP-109, CP-lll, CP-U3, CP-116, CP||17, CP-118,

CP-121 and MW-39-3. TPH 1
....

CP-119 and W-10) at concentrations from 2u0 rtjg/1 to 71 hip. TPH was detected in seven of

these eight wells (exceptioMisi^weJl W-10), aad m^addition, \)^s CP-107, CP-108A, CP-115A,

ied ||)m 1.1 n^ to 19 mg/1. As was the case for thevane

yater jpling ev^t, theil were no TPH nor TPFH detections in wells CP-

103A, Ci|104A, CI^105A,1iP-106A, CP-110 and CP-114. The highest levels of TPFH were 

detected ^||yells Clf 117 and CP-119. The highest levels of TPH were detected in wells CP-109 

and CP-119;®MCLs have not been established for TPFH and TPH.

PCBs

PCBs were detected in one well during the July 1993 sampling event. PCB Aroclor 1254 

was detected at a concentration of 0.19 ug/1 (estimated) in well CP-119, below the MCL of 0.50 

ug/1 for PCBs. The same PCB (Aroclor 1254) was detected in this well during the April 1993 

sampling event, but at a slightly higher concentration (0.41 ug/1).

Metals
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No dissolved metals were detected in the shallow aquifer groundwater during the July 

1993 sampling event. However, the total metals analyses resulted in several detections. Arsenic 

was detected at a level of 0.010 mg/I in well CP-104A. The MCL for arsenic is 0.05 mg/1. 

Copper was detected in wells CP-104A (0.042 mg/1) and CP-106A (0.067 mg/1). Both of these 

detections are well below the secondary MCL (SMCL) of 1.0 mg/1, and the action level of 1.3 

mg/1 for copper. Lead was detected in wells CP-104A, CP-105A and CP-106A at concentrations 

of 0.005 mg/1, 0.006 mg/1 and 0.012 mg/1 respectively, all of which are below the action level of 

0.015 mg/1 (at tap). Zinc was detected in wells CP-105A, CP-106A and CP-lll at levels of

0.058 mg/1, 0.027 mg/1 and 0.022 mg/1 respectively. No MCL or action 1 

for zinc. However, an SMCL of 5 mg/1 has been established fbf''zmc.

hail jeen established
II

*!***X*

Total metals chromium and lead had been detect^lun sMlow well CP-f# during the
April 1993 sampling event. No other deteckioraS of total metals had been reported for shallow

groundwater during the vent.

m. m. m5.3.2 L^p Aquifefprounliyater Sample Chemical Analysis Results

5.3.2.1 First Quarterly Sampling Round — April 1993

Analytes detected in deep groundwater during the April 1993 sampUng event are 

summarized in Tables 5-18 through 5-21.

VOCs

VOCs detected at quantifiable levels in the deep aquifer monitoring wells during the April 

1993 sampling event include TCE, which was detected at CP-103B, CP-104B, CP-105B, CP- 

108B, at concentrations from 6.8 ug/1 to 12 ug/1. The MCL for TCE is 5 ug/1. TCE was also 

detected at well CP-122B, but the concentration was reported as an estimated value (2.6 ug/1).
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Total xylenes were detected at wells CP-105B (5.8 ug/1) and CP-108B (5.2 ug/1); these levels are 

well below the MCL for total xylenes (10,000 ug/1). Figure 5-22 shows a map of concentrations 

of TCE detected in deep groundwater during the April 1993 sampling round. The highest 

detected concentrations correspond to deep wells near the north and northwest portions of the 

leased parcel.
Other VOC detections, in which the concentrations were reported as estimated values, 

include 1,1-dichloroethane (1.9 ug/1 at well CP-104B), acetone (wells CP-106B, CP-115B, and 

CP-122B, from 1.5 ug/1 to 3.5 ug/1), and BTEX compounds (wells CP-104B, (QlgliSB and CP- 

108B). The reported concentration estimates for TCE and BTEX compounds are below the
II.corresponding MCLs. MCLs have not been established fbj^j|||iiiichloroethane anducetone.

In addition, methylene chloride and acetone were dlbctedin the method blUik as well as
PIthe sample. Methylene chloride was detected In several well^oth shallow and deep), distributed

rather widely across the leased-paieel at con 

well CP-103B at an estira^ed leyi 

was thesflalytical laborato

ll.
II. II

.P

SVOCs

up to 2ip ug/1. Acetone was detected in
It is posifble that the source of this contamination

The only SVOC detected in the deep aquifer wells at quantifiable levels during the April 

1993 sampling event was bis(2-ethylhexyl)phthalate, detected at levels from 11 ug/1 to 46 ug/1 in 

wells CP-103B, CP-104B and CP-108B. This phthalate was reported to be present at the same 

wells during the 1989 hydrogeologic investigation (EMCON, 1989).

There were other phthalate detections in the deep aquifer groundwater, for which the 

laboratory reported estimated concentrations. Estimated concentrations of bis(2-ethylhexyl) 

phthalate (26 ug/1 at well CP-105B), di-n-octyl phthalate (4.3 ug/1 at well CP-104B), and di-n- 

butyl phthalate (4.4 ug/1 at well CP-104B) were reported, and 5.0 ug/1 at well CP-115B. No 

MCLs have been established for any of these phthalates.

All of the phthalate detections during the April 1993 sampling round were accompanied by 

detections in the method blanks. Phthalate esters are used as plasticizers; it is conceivable that the
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reported phthalate levels are the result of contamination of the samples via sampling and/or 

laboratory activities.

TPFH and TPH

Both the TPFH and TPH analyses for groundwater from the deep wells resulted in non- 

detects. The detection limits were reported to be 0.75 mg/1 for TPFH and 1.0 TPH.

PCBs

No PCBs were

!il..

any of ft,

1
1.

Il^ells tested. PCB detection limits were
reported to be 1.0 ppb fci|^ well? except w^|CP-122^%r which it was reported as 10 ppb.

Metals lii
II: II

% i

ii
Of the^ dissolved metals, only chromium was detected in the deep wells. Chromium 

concentrations of 0.011 mg/1 were reported at wells CP-106B, CP-108B and CP-115B; a 

concentration of 0.012 mg/1 was reported for well CP-122B.

Several metals were detected by the total metals analyses. Copper was detected at 0.054 

mg/1 in well CP-105B. The SMCL for copper is 1.0 mg/1, and the USEPA has established an 

action level of 1.3 mg/1 for copper (USEPA, 1993). Chromium was detected in wells CP-106B 

and CP-108B, at levels of 0.019 mg/1 and 0.011 mg/1, respectively. These are well below the 

MCL for chromium, which is 0.1 mg/1.
Chromium (0.040 mg/1), nickel (0.040 mg/1), lead (0.005 mg/1) and zinc (0.048 mg/1) were 

detected at well CP-115B. Chromium (0.033 mg/1) and zinc (0.023 mg/1) were detected at well 

CP-122B. The MCL for nickel is 0.1 mg/1, while the USEPA's action level for lead is 0.015 mg/1. 

No MCL or action level has been established for zinc. However, a secondary MCL (SMCL) of 5 

mg/1 has been established for zinc.

G:\USERS\LORRAINE\DISK63\7040B.DOC BURLINGTON ENVIRONMENTAL INC,



5-21

5.3.2.2 Second Quarterly Sampling Round — July 1993

Analytes detected in deep groundwater during the July 1993 sampling event are 

summarized in Tables 5-22 through 5-26.

VOCs i#

%

There was only one VOC detected in deep aqui||^^pundwater during the July 1993 

sampling event. TCE was detected in wells CP-103B, CP-J04%|CP-105B, CP-I|8B and CP- 

122B, at concentrations from 4.2 ug/1 (esti

exceed the MCL of 5 ug/L Tw&«f th
iir 1 lese ar

27 ug/1. Four of the reported concentrations
'ivalues^.4 ug/1 at well CP-104B and 8.6 

ug/1 at well CP-105B). %igure sli3 shows! map oflbncentrations of TCE detected in deep 

grou„d,«.e;duri,4SJuly.r-

1i
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SVOCs

SVOC detections in deep aquifer groundwater during the July 1993 sampling event fall 

into one of two categories - phenols and phthalates. Phenol was detected in well CP-104B at an 

estimated concentration of 5.6 ug/1. Bis(2-ethylhexyl)phthalate was detected in several deep wells 

at concentrations from 4.2 ug/1 (estimated) to 14 ug/1, but in every case the analyte was detected 

in the method blank as well as the sample, suggesting the analytical laboratory as a possible 

source for the contaminant. Neither MCLs nor action levels have been establis]^f|J;fi3r phenol and 

bis(2-ethylhexyl)phthalate.

TPFH and TPH

There were no

'll:; 1
pns and «ne TPH Selection in deep groundwater during the

ife..

July 1993 sampltflig event TPH was detected at 8.9 mg/1 in well CP-122B. The reported 

detectioh'limits for UpFH and TPH were 0.75 mg/1 and 1.0 mg/1. No MCLs nor action levels
ii

have been%ablished for TPFH and TPH.

PCBs

No PCBs were detected in the deep aquifer groundwater during the July 1993 sampling 

event. Detection limits for PCBs were 1.0 ug/1 in all deep wells tested except well CP-106B, 

where it was reported to be 110 ug/1, due to interference.

Metals

Only one dissolved metal was detected in the deep aquifer groundwater during the July 

1993 sampling event. Chromium was detected in well CP-122B at a concentration of 0.015 mg/1.
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Several metals were detected by the total metals analyses, however. Chromium was detected in 

wells CP-105B (0.011 mg/1), CP-108B (0.011 mg/1), and CP-115B (0.054 mg/1). None of these 

exceeds the MCL for chromium, which is 0.1 mg/1. Nickel, lead and zinc were detected in well 

CP-115B at concentrations of 0.062 mg/1, 0.006 mg/1 and 0.055 mg/1. This nickel concentration 

is below the corresponding MCL (0.1 mg/1), and this lead concentration is below the action level 

for lead (0.015 mg/1). An SMCL of 5 mg/1 has been established for zinc.

5.4 Nature and Extent of Nonaqueous-Phase Liquids

This section describes the investigation's findinp^i^pfcling the naturdi^d extent of 

NAPLs. The extent of NAPLs was investigate^ through rnmthlyJuid-level measullpients, while 

the nature of the detected NAPLs was invdsti^ted by laboratory testing of NAPL samples 

collected during the April im mi July 1993 ^osmdwater sampling events. Only LNAPLs have 

been detected at the site.ll:.

1II. 1

5.4.1
%

il DistJiution of NAPLs

IP

NAPLs were detected in seven of the shallow aquifer monitoring wells during monthly 

fluid-level measurements at the facility. In all cases the detected NAPLs were light NAPLs 

(LNAPLs), which are defined as NAPLs with specific gravities less than one. The wells include 

the following; CP-107, CP-109, CP-110, CP-116, CP-117, CP-118, CP-119, and MW-39-3. 

These wells roughly correspond to the west and central portions of the leased parcel. No NAPLs 

were detected in any of the deep aquifer monitoring wells.
The results of the monthly LNAPL measurements are summarized in Table 5-27. The 

data listed under the column headed "Floating Product Thickness" are measurements of the 

LNAPL layer thicknesses in monitoring wells. Due to capillary effects, the LNAPL layer 

thickness measured in a well may not be representative of the LNAPL layer thickness in the 

surrounding formation, but is likely to exceed it. In addition, the ratio of LNAPL thickness 

measured in a well to that in the surrounding formation is not necessarily constant (Abdul et al.
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1989). For these reasons the measured LNAPL layer thicknesses in monitoring wells should not 
be considered accurate estimates of the thickness of ffee-phase LNAPL in the formation.

5.4.2 NAPL Sample Chemical Analysis Results

The LNAPL sample chemical analysis (hydrocarbon identification) results and measured 

specific gravities are summarized in Table 5-28. The analyses revealed the presence of gasoline- 
range (C7 - C12) components in six of the seven wells from which LNAPJi, samples were 

collected. The one exception was the sample fi-om well.The reported detection limit 
was 20 mg/kg for gasoline-range components. Diesel-fftpge (.Q13 - C24) components were 

detected in all seven of the wells at levels i 
were found to be present oa^ffiNfee samples 

exceeding 100 mg/kg.
Ssuret%ecific pavities fij® the sHen samples varied from approximately 0.82 (CP-

1, ..

of 50 m^g. Heavy-oil (C24+)components
ll.

CP-lOiiCP-119, and MW-39-3, at levels
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6 OFF-SITE DATA SUMMARY

6.1 Overview

There have been a number of subsurface investigations conducted within Terminal 91 that 

were outside the Burlington lease area. These investigations were conducted for construction 

purposes, fuel spills, and underground storage tank (UST) evaluation and/or removal, and were

completed by:

1.
2.
3.
4.

5.

Hart Crowser &. Associates, Inc. (Hart Croji^il 

GeoEngineers, Inc. (GeoEngineers);
Converse Consultants, NW (dlrimse);

URS ConsulM^iJRS);

11:

ERM Noftwest, Inc. (ERM); 

6, Harding Lawson Assotaates 
SCSEngine^XSCS);^iid

1:.

ding Lawson);

Port (tf Seattle*tPort).

IThe following summary of off-site information is organized into two categories. The first 

category (Section 6.2) includes construction-related investigations which consist of a geotechnical 

evaluation of Terminal 91, proposed construction and modeling of the Short Fill, and foundation 

investigations for the City Ice buildings. The second category (Section 6.3) includes 

environmental investigations and studies. These consist of fuel release investigations and UST 

studies and/or removal.

6.2 Construction Investigations

August 1981 Subsurface Exploration and Geotechnical Engineering Study, Proposed Terminal 

91 Redevelopment, for Port of Seattle, by Hart Crowser
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This investigation provides geotechnical engineering recommendations for construction of 

several facilities on Pier 90, construction of a new concrete apron along West Garfield Street, 

dredging of the east slip of Pier 90, and disposal of the resultant dredge spoils. The field 

investigation included drilling of twelve soil borings on Pier 90 and along West Garfield Street, 

and three offshore soil borings east of the pier. In addition, Dutch Cone testing was conducted at 

nine probe locations on and around the pier for determination of the physical characteristics of the 

subsoils. Three surface samples of the sediments at the offshore drill locations w«r« obtained and 

analyzed to examine the future disposal alternatives. Some elevated levels of ztac, lead, copper.

and PCBs above background levels were encountered. The prt^e and boring logs;^ location plan, 

and laboratory analysis results are presented m^^pendix M||.

October 1984 Geotechnig^iif^ipering S 

for Port leattle.:sife Hart Crlyse

■lis w

91 l^development Project Short Fill,

II. le construction of containment embankments on the north end ofi||s report ||aluate

the water way betw^n Piers 90 and 91 (Smith's Cove Water Way) for placement of dredge spoils 

(Short Fill) ibin around Piers 30, 90, and 105. The evaluation of the proposed construction 

includes slope stability and settlement analyses. This study was based on the subsurface 

information obtained from the investigation conducted in 1981. The settlement analysis indicated 

the potential for 10 to 15 feet of settlement. The report recommends removal of the more recent 

sediments at the north end of Smith's Cove Water Way and construction of two new soil 

containment berms with enough space between them to allow for disposal of the dredge spoils. 

After placement of the spoils, the area is to be capped with soil and paved over with asphalt. Part 

of the recommendation indicates that the north berm be constructed such that the toe of the berm 

ends away from the north bulkhead to minimize down drag forces on the Magnolia viaduct 

foundation (piles) due to settlement. The separation of the north berm from the West Garfield 

Street bulkhead created the body of water presently known as Lake Jacobs. A diagram showing 

the plan view of the proposed construction is presented in Appendbc M-2.
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August 1985 Hydraulic and Contaminant Modeling, Terminal 91, for Port of Seattle, by Hart 

Crowser and URS

This report evaluates and discusses the long-term migration of the contaminants present in 

the Short Fill into Elliott Bay. The contaminant migration was simulated by computer modeling 

conducted by URS. The influences of the type of soil cap placed on the fill, and the elevation of 

Lake Jacobs, were considered in the model. The study concluded that the soil cap grain size will 

have minimal impact on the groundwater flow; the concentration of contami.natip''at the south 

berm face should not exceed chronic saltwater exposure criteria, except possiblyfor cadmium and 

mercury in approximately 40 years; and the infiltration thrcajj^^Jie asphalt cap h^^|ninimal effect 
on the groundwater flow. During the period immediately%lloyydp placement of l||p Short Fill, 

the contaminant migration would be affected most likely by fi|w fi'om Lake Jacobs and by water

leaving the Short Fill due to consdidation. Gtace Uiose two flilys have stabilized, the flow from 

continual tidal action wiil|i|e the dominant dri||ng force.
'Momtoring..'wells we recommendel^Ho be installed in the upper section of the south

containment berms || monitor the concentration of the contaminants migrating from the Short
•••••••••

Fill. II

October 1988 Data Report, Monitoring Well Installation and Physical Characterization of Berm- 

Fill Material, for Port of Seattle, by Hart Crowser

The purpose of this work was to characterize the subsurface conditions and obtain 

groundwater quality data in the vicinity of the Short Fill. Fourteen monitoring wells were 

installed ranging in depth from 16 to 43 feet below ground surface. The wells consisted of sets of 

three nested wells at three locations and single wells at five other locations (monitoring wells W- 

2, W-3, W-4A, -B, -C, W-7A, -B, -C, W-9, and W-10). Monitoring wells W-5A, -B, -C, and W- 

6 were installed after allowing sufficient settlement of the Short Fill to occur.

Slug tests were conducted in each monitoring well to determine the hydraulic conductivity 

of the subsoils. In addition, laboratory tests on selected soil samples were conducted for 

determination of grain size distribution and associated hydraulic conductivity. The field and
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laboratory tests correlated within 28 percent for all soils except Short Fill soils, which were very 

sensitive to density (four orders of magnitude). The mean hydraulic conductivity of different soils 

were determined as follows:

MATERIAL

HYDRAULIC CONDUCTIVITY

(cm/sec)

North and South Berms

Gravelly Sand 2x10-2

Top Fill

Gravelly Sand
..,,2 =' \

Top Fill - Dredge Fill Mix
irSilty Sand 4x 10-4

Dredge Fill (Short Fill) ■ ' '
Slightly SaodytoSlighOyCI^SUt | 1 X 10-4

Permed||Zo„em-^r91
Slightly Silty, Gravelly Saill^ 6x10-3 II

MATERIAL, Continued

HYDRAULIC CONDUCTIVITY,

Continued

(cm/sec)

Average of All Materials at Piers 90 and 91 3 X 10-3

Upgradient Zones Near Well W-10-

Silty Sand 5 X 10-4

This report concludes that the more detailed analysis conducted based on additional 

information generally agreed with the original simplified model prepared by URS. The monitoring 

well logs, location plan, and the hydraulic test results are presented in Appendix M-3.
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December 1990 Revised Hydraulic and Transport Model, Terminal 91 Short Fill, for Port of 

Seattle, by Converse and Pacific Groundwater Group

The purpose of this study was to remodel and re-evaluate the long-term contaminant 

transport from the Short Fill into Elliott Bay based on actual data gathered since the construction 

of the facility. The previous study by Hart Crowser and URS had been conducted based on 

assumptions prior to construction of the containment facility.

The model concluded that due to the higher permeability of the soils than originally 

assumed, the contaminant transport would be faster than estimated in theftst lyo to five years.
■i::.

However, contaminant transport rates will subsequently deetiise to levels lower than originally
■gi;:;.

estimated. The report recommends continued monitoring c^feye^^ existing wells. % addition, a

monitoring well should be installed closer to ||e f4?e of the soath berm to obtain additional data.

'
October 1992 Final Project Reposft, Termini 91, ShoU Fill Monitoring Program, for Port of

IP Sda^e, by

1
iverse

m. iii:
Thlilrepoitilummarizes the efforts made to date on the design, construction, and

ihonitoring IP'Ihe Short Fill facility. The report concludes that the project met the required 

dredge spoil contaminant containment criteria.

February 1987 Report of Geotechnical Engineering Services; Proposed Facilities

Expansion, Seattle, Washington, for City Ice and Cold Storage Company, by 

GeoEngineers

The objective of this investigation was to evaluate subsurface conditions relative to the 

construction of a 130-feet by 280-feet, three-story structure (Building 390) west of the Burlington 

facility.
In January 1987, five soil borings were drilled to depths ranging from approximately 50 to 

70 feet bgs. Groundwater was encountered at 6 to 7 feet bgs. In Boring 2, soils darker than 

typical were encountered at approximately 13 feet bgs. A strong hydrocarbon odor was noted
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and a sheen was visible on the free water of the soil sample obtained at that depth. The soil 

samples obtained were tested to determine their physical characteristics.

The subsurface soils encountered consisted of a 6- to 11-feet thick layer of sandy fill 

material, underlain by a 3- to 5-foot layer of soft silt and sandy silt, underlain by sandy soils. The 

soft silt layer was not encountered in Boring 3.
The report recommends the building be supported on timber piles driven into the lower 

sandy soil layer; it also states that the utilities will be relocated from the building area. In 

response to the presence of the hydrocarbon in Boring 2, a venting system is reQommended. The

borings logs, boring location plan, and subsurface soil profiles are included'tH Ap^ndix M-4.

June 1987 Summary Letter, Monitor Well ^.Installation, UropQSS^ Facility Expai^ion, Seattle,
sill;:-.

Washington, for City Ice and Cold Storage CdMpany, by GeoEngineers
1
|P- ilS;..

The purpose of tfiis efFort::;:||ts to det^mine if tif hydrocarbon contamination detected in 

Boring.Zof the ge<«;echni<sd study of Januaif 1987 extended beneath the planned building area.
One monitoring wel|iVIW-l> was instiled to the depth of 20 feet northwest of Boring 2.

The water iJfel was measured at 5.8 feet bgs. An air monitoring instrument reading of 

900 ppm wii lneasured, but free product was not observed on the water surface. This 

investigation did not include analysis of any samples.
Based on the results of the monitoring well, it was concluded that the hydrocarbon 

contamination extended beneath the building area and precautions should be taken. The 

monitoring well log and location plan are presented in Appendix M-5

August 1987 Summary of Supplemental Monitor Well Measurements, Proposed Facility 

Expansion, Seattle, Washington, for City Ice and Cold Storage Company, by 

GeoEngineers

The purpose of this supplemental study was to obtain additional information from 

monitoring well MW-1, installed in June 1987.
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On August 19, 1987, a vapor concentration of 62 ppm was recorded in the well. The 

concentration increased to 185 ppm on August 25, 1987. The air and groundwater were sampled 

and analyzed. Air sample results indicated the presence of methane at concentration levels of 20 

ppm, and a trace amount of toluene. Groundwater test result indicated the presence of total 

petroleum hydrocarbons (5 ppm), benzene (30 ppb), xylenes (20 ppb), and trace amounts of 

diesel.
Originally, Building 390 was to be built 50 feet north of Building 39. The report states 

that the proposed building had been relocated an additional 60 feet north of th^pniinal position

to the present location (110 feet north of Building 39). As a result of the contamination

encountered, the report recommends minimizing excavatippi|p®e south side of tllfe building, and 

provisions for ventilating the building subgr^de. The aS^ytip^|test results arP||)resented in

Appendix M-6.

:November 1989 ReocHt of Gdllechnical llEngineeri^ Services, Proposed Cold Storage
II- II

WarehoitSe and Fish Prolissing Facility, Pier 91, for City Ice Cold Storage 

^mpan^yGeoEngineers

% .jF
Thisfp'otechnical investigation was conducted for the proposed buildings west of 

Buildings 39 and 390. Five soil borings (B-1 through B-5) were drilled to a maximum depth of 

59 feet bgs. The subsurface strata encountered were similar to the other locations around the site. 

The soft silt layer was not encountered in Boring B-1. The report does not mention encountering 

any environmental concerns, and since the area of investigation is approximately 500 feet west of 

the project site, it is not discussed any further. The boring logs and boring location plan are 

included in Appendix M-7.

Il %

6.3 Environmental Investigations

August 1989 Underground Storage Tank Investigation, Terminal 91, for Port of Seattle, by 

SCS Engineers
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This report summarizes the investigation conducted around a USX located just north of 

Building 38, on Pier 91. At the time of the investigation, the tank was not in use. Two soil 

borings were drilled in the vicinity of the tank and soil samples were obtained for analysis. The 

analytical results did not reveal presence of TPH in excess of the cleanup standards. The tank 

was proposed to be abandoned in-place. The boring logs, boring location plan, and laboratory 

test results are included in Appendix M-8.

September 1989 Oil Seepage Investigation, Short Fill Pond, Tenmhar||l, for Port of

Seattle, by Hart Crowser %

I
The report presents an assessment of fhe seepage ofi^froleum product into Lake Jacobs

from Pier 91. Eleven soil.
of the leak. Petroleum lior

,.'ere drilled ia';the vicinity dfithe lake to determine the source 

:ounter|| in all tlii'borings except in B-4. Analysis of the

impacte^J «oils revealed that'diesel was .the coftaminant of concern. Four monitoring wells (MW- 

2, -3, -6pand -11) ^re milled in four of the soil borings. Sk soil samples were sent to an
analytical !iboratp||for analysis. The monitoring wells were developed and allowed to recover, 

and water arid floating product level readings were obtained.

The investigation found diesel contamination in the subsoils. TPH concentrations ranged 

from 25 mg/kg to 21,000 mg/kg near the surface just above the water table at approximately 9 to 

10 feet below ground surface (B-2).
The investigation did not determine the source of the leak, but underground fuel pipelines 

were suspected. The recommendations made included installation of additional monitoring wells 

and a pumping test to design a product recovery system. The boring and monitoring well logs, 

associated location plan, as well as analytical results, are presented in Appendix M-9.

November 1989 Preliminary Hydrogeologic Assessment Report, Terminal 91 Facility, for 

Pacific Northern Oil (PANOCO), by Converse
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This report investigates the groundwater conditions after a PANOCO pipeline spill in 

September 1989 on Pier 91 west of Lake Jacobs. In October 1989, existing monitoring wells 

MW-2, MW-3, MW-6, and MW-11 were sampled. The samples were analyzed for Total 

Petroleum Hydrocarbons (TPH). The groundwater levels at those wells were monitored for a 

twenty-four hour period to determine the tidal influence on the groundwater gradient. 

Additionally, a product recovery test was performed to develop preliminary design criteria for a 

product extraction system.
Monitoring well MW-3 was found to have three-and-one-half inches of floating product. 

The analysis also indicated that only well MW-3 had TPH concentrations in ©a:ess of cleanup 

levels (730 mg/1). The twenty-four-hour water-level measiurf^fs conducted in November 1989 

indicated that groundwater levels correspondjvith tidal fliitu^jgp. The general||roundwater

gradient was to the southeast which corre^onds with the i^gional flow direction. However, 

some directional change waaooted (25 degrees) duetO||he tidal influence.
In order to determine the extent o^he contHiination, installation of four additional

moniti lendedfllre recqipnenaeaii^ue ti'the relatively low recovery rate, daily hand bailing 

was recommended fdl the iitflrim period to recover the floating product. As part of the analysis, 
it was deteifnined ttf the actual floating product layer was approximately one-half inch thick and 

not three of^^W»re inches. The product thickness measured in the well was considered to have 

been caused by fluctuating water levels in the well, thereby accumulating product. The location 

of the existing groundwater wells sampled and the proposed wells, in addition to the laboratory 

test results, are presented in Appendix M-10.

January 1990 Phase I Remedial Investigation, Terminal 91 Facility, for Pacific Northern Oil, by 

Converse

This investigation addresses the September 1989 oil spill from the PANOCO fuel line at 

Pier 91 and recommends remedial action for the site. Monitoring wells MW-101 through MW- 

104 were installed to determine the extent of the plume. Monitoring wells MW-2, MW-3, MW-6, 

MW-11, and MW-101 through MW-104 were sampled and analyzed for the presence of TPH.
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The field and laboratory tests indicated the presence of floating product at MW-3 and 

MW-104. Due to tidal influence, the product thickness in MW-3 ranged from 0.24 to 0.69 feet. 

Monitoring well MW-104, was selected as an upgradient well. Although a 0.01-foot thick 

floating product layer was encountered in MW-104, it was not considered to be connected to the 

floating product at MW-3. The volume of the floating product in the vicinity of MW-3 was 

estimated to be between 340 and 1,370 gallons covering an area of approximately 11,500 square 

feet. Groundwater contamination above cleanup standards (15 mg/1 TPH) was encountered only 

in monitoring wells MW-3 and MW-101. The dissolved TPH at well MW-l^j|^bre 0.01 feet 
of floating product had been encountered, was 6.2 mg/1 after purging, ^commendations

Wi:
included installation of a large diameter recovery well in t|||pi 

of floating product, and a subsequent pum||ng test to

relationship with the product lenses encount©:ed» The borin 

plan, and laboratory test results'ke presented la Appendix M-ll

iity of well MW-3 for extraction 

the aquifer continuity and 

[id monitoring well logs, location

itorage Tank Iii^estigation in the Vicinity of the City Ice Building,

the Port of Seattle, by Harding Lawson
June ”

Te
IriA
m Ilf.

This investigation addresses the removal and subsequent contamination investigation of 

UST No. 91N located to the west of the Burlington facility and north of Cold Storage 

Warehouse, Building W-39. The fieldwork completed included observation of the tank removal, 

sampling the soil in the excavation, well installation, and soil and groundwater sampling and 

analysis. The on-site observations revealed contamination of the subsoils, in particular a "black" 

layer of gravelly sand extending from northeast to the south and west of the excavation. The 

upper half of the end of the tank to the south was noted to be corroded. Three monitoring wells 

(MW-39-1, -2, and -3) were installed to assess the extent of the impacted soil and groundwater. 

After development of the wells, an approximately 0.85-foot thick layer of floating product was 

encountered in MW-3 9-3. The soil and groundwater samples obtained indicated the presence of 

diesel fuel Number 2 at MW-39-2 and MW-39-3 locations. In June 1990, an estimated one-foot 

thick layer of floating product was noted at MW-39-2, apparently due to lowering of the water
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levels since their installation. At the time of the well installation, groundwater was encountered at 

approximately four to five feet below grade.

The report provides alternative methods of remediation. However, due to the presence of 

upgradient fioating product, any localized remediation is described as not warranted. Further 

investigation and site characterization of the area is recommended prior to any remediation. The 

boring logs, boring location plan, and analytical test results are presented in Appendix M-12

July 1990 Interim Product Extraction System Remedial Action Plan, ^Jpiinal 91, for 

PANOCO, by Converse
%

The report presents plans for an interim product extmction.system for the S^tember 1989 

fuel spill west of Lake Jacobs, previously imeesfig^ted by Halt Crowser in September 1989 and 

Converse in October and Nov^ber 1989. Tbe fieldworKconducted included monitoring 

groundwater levels at mGaatoring.,®igells MW-||: -3, -6, -ft; -101, -102, -103, and -104; and water 

levels at Lake J a 24i^ur puni||ng tesf%t monitoring well MW-6. Monitoring well MW-3
'll. ' II

was samiled and anli^zed to obtain a discharge permit for the proposed extraction well.
ll:Thi|3umpii^ffest conducted indicated the permeability to be 5.6 x 10"3 cm/sec and the 

Storage coefBifEit 6 x 10-°.
The report concludes that Lake Jacobs is hydrogeologically separated from the aquifer by 

the pier bulkhead. The separation was confirmed by lack of influence of the tidal action on Lake 

Jacobs. The seepage into the lake was believed to be through cracks in the bulkhead. During the 

pumping test, the radius of influence was determined to be approximately 200 feet. The recovery 

curve suggested the recharge zone was within 300 feet of the well. Lake Jacobs was not 

considered to be a source of recharge due to the lack of hydraulic connection with the shallow 

aquifer. Recharge was concluded to take place either as a result of increase in the thickness of the 

aquifer zone or a leak from an overlying confined aquifer.

The study recommended installation of a six-inch diameter extraction well next to MW-3 

and an on-site oil-water separator. The effluent generated would be discharged into the sewer 

system. The groundwater level readings, contour lines, pumping test results, and the analytical 

results are presented in Appendix M-13.
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September 1990 Preliminary Underground Tank Assessment, for Port of Seattle, by ERM

This assessment was conducted on twenty-four USTs on various Port of Seattle properties 

including eight at Terminal 91. The available information on the tanks are as follows:

Tank Designation

A

B

C

D

E

F

G

K

N

%
1:,1:

II
II
II

II. .............

Tank Capacity (gallons)

2,000

7.000

10.000 

10,000

10 OOSix

m.

i%».
»

r
0,000

11
1I.

Fuel Type

Gasoline

Unleaded Gasoline

Unleaded Gasoline

Diesel

Diesel

Diesel

Gasoline

Heating Oil

Diesel

A total of sixteen soil borings were drilled in the area of tanks A, B, C, and K. 

Hydrocarbon odors were encountered in all the borings. The lowest concentration detected on air 

monitoring equipment was at Tank C (50 ppm) and the highest reading at Tank A (>1,000 ppm). 

The report concludes that TPH and associated contaminants are present in the subsoils and most 

likely in the groundwater.
Port of Seattle conducted an investigation around tanks D, E, F, G, and N. This 

investigation concluded that while the subsurface soils were impacted around all areas, the levels 

exceeded the cleanup standards (200 ppm TPH) only in the vicinity of tanks G and N. The 

general tank location plan and the soil boring logs are included in Appendix M-14.
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November 1990 Site Investigation and Remedial Cleanup Action, Bunker C Fuel Oil Line 

Break, for PANOCO, by Converse

This investigation and remedial action was in response to a PANOCO Bunker C fuel line 

break in August 1990 near the middle of Pier 91. The leak was repaired and the impacted soils 

excavated and removed from the site. The cleanup was conducted based on the newly proposed 

cleanup standard of 200 mg/kg TPH. The excavation extended six feet below the ground surface 

and did not encounter groundwater. The project location and sampling location ptos, as well as 

a trench excavation log, are included in Appendix M-15.
..•MiS

ii- 11
'

September 1991 Site Investigation and Remedial Cleaimp Action, Bunker C ||fel Oil Line
• '

Break, for PANOCO, by Cdnyerse.

This investigatiof tid remedial cleanii|! action in response to a PANOCO Bunker C 

fuel line break on l^y 14, 1991. Tl^impactld soils were excavated and removed from the site.

The deft of exciiation Udended to six feet below grade. The groundwater was not
■iiiv

encounteriiL The .ifcavation effort was ceased when the TPH concentration levels were below 

200 mg/kg. 'ile project location and sampling location plans are presented in Appendix M-16.

March 1992 Annual Progress Report, Interim Liquid Hydrocarbon Recovery System, for 

PANOCO, by Converse

This progress report provides an update of the product recovery system in operation near 
monitoring well MW-3 to recover floating petroleum product west of Lake Jacobs. The report 
covers the period from January 1991 to February 1992. The product was removed through a six- 
inch-diameter extraction well EW-1 and monitoring well MW-3. The groundwater was sampled 

and groundwater levels were measured quarterly at monitoring wells MW-2, MW-6, and MW- 

102. The analytical results indicated the dissolved hydrocarbon levels decreased in MW-6, 
remained the same in MW-2, and increased in MW-102 which is in general agreement with the
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south-southeast direction of the groundwater. The groundwater analysis results and water-level 

measurements are presented in Appendix M-17.

September 1992 Potential Contamination Sites at Terminal 91 for USEPA, by Port of Seattle

This summary report cites the potential sources of contamination at the Port's Terminal 91 

facility. The letter briefly discussed the underground storage tanks, the former tank farm west of 

the current Burlington facility, known releases from Burlington Northern projg^g^- and City of

Seattle vactor (catch basin vacuum) truck dump site. The letter and the attichedj^cation plan are 

included in Appendix M-18.

J
'1

« ,J
1111il.

II.
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7 SUMMARY AND CONCLUSIONS

This chapter summarizes the data presented in previous chapters. The site history, 

regional and site-specific geology and hydrogeology, and the nature and extent of contamination 

are summarized. In addition. Section 7.5 presents conclusions based on the data collected during 

this RFI.

7.1 Site History %

ll.
The present site of the Port's Terminal 91 facility was formerly the Smith C% waterway.

which was filled during the early 1900s. As aboveground i 

present Burlington Pier 9 J,

... fuel..,_....
MtTexaco^as

farm existed on the site of the 

early as 1922* The preseAank system was first constructed 

Irage are^by the Sifbmia Petroleum Company. A 1929 

Fowner or operator of the tank system at that time.
around 1923, for use 

archiv^|Fawmg i
Texaco lilthought 1 o'have qlmed or operated the facility until December 1941, when the U.S.

Navy took posses.siiih of Terminal 91 by condemnation. The terminal was used by the Navy
li;.

during World War II, the Korean War, and the Vietnam War, primarily as a fuel and lubricating 

oil transfer station. The Navy maintained possession of Terminal 91 until the early 1970s.

Around 1972, the Navy declared the Terminal 91 property as surplus. The Port began 

managing a marine cargo facility in the area at that time. The property was re-acquired by the 

Port in 1976, and has maintained ownership since then. Burlington (then Chempro) leased the 

tank system property in June 1971. A major portion of the leased facility, including the piping on 

Pier 91, has been subleased to PANOCO as a marine fuel depot since 1978.

Since operations began in 1971, the Burlington Pier 91 facility's main activities have been 

waste oil recovery and wastewater treatment. Typical waste streams processed at the facility 

include oil and coolant emulsions, industrial wastewater, and industrial waste sludges.
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7.2 Geology

7.2.1 Regional Geology

The Port's Terminal 91 facility lies within a physiographic region referred to as the Puget 

Sound Lowland, a topographic and structural basin bordered by the Cascade Range on the east 

and the Olympic Mountains on the west. The basin is underlain by Tertiary bedriek and up to 

1,000 feet of unconsolidated glacial and nonglacial sediments (Liesch et al, -l963).

The Port's Terminal 91 facility lies within a less
II.

'e lowland are^^^nterbay area)

created by either glacial or post-glacial downcptting, or both This lowland feature|jertends from

:wide. Ai
the Lake Washington Ship Canal on the noi|| Is^piiott Bay on the south, is approximately 1.5 

miles long and 1,000 to ? 

by the addition of fill.

Ipn of til lowland area has been modified

P

7.2.2 SitiGeologjii

The leased parcel is believed to overlie a portion of the former Smith's Cove inlet, which 

was filled in the early 1900s (EMCON, 1988). The subsurface beneath the leased parcel, and 

extending to depths of approximately 45 to 60 feet bgs, is composed of laminated sands, silty 

sands, silts, gravels and clays. Four lithologic units have been identified beneath the leased parcel. 

These are a shallow sand unit, a silty sand unit, a deep sand unit, and a silty sand and silty clayey 

sand unit.
The shallow sand unit is composed primarily of olive to gray, moderately to poorly sorted, 

fine- to medium-grained sand, and is believed to be man-made fill. The unit extends from 

approximately 1 foot bgs to between 15 and 20 feet bgs, and appears to be laterally continuous.

The silty sand unit is composed of gray or olive, moderately sorted, fine- to medium

grained, but primarily fine-grained, silty sand. This unit, and the units it overlies, are believed to 

be native sediments. The silty sand unit extends from the base of the shallow sand unit (15 to 20
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feet bgs) to approximately 30 to 45 feet bgs, and appears to be laterally continuous across the 

leased parcel.
The deep sand unit is composed primarily of olive to gray, poorly to moderately sorted, 

medium- to coarse-grained sand and gravelly sand. The deep sand unit was not encountered in 

one borehole near the north end of the leased parcel (CP-105B). In the other boreholes, the top 

of the unit was encountered between depths of 28 and 45 feet bgs. The deep sand unit was found 

to be between approximately 4 feet and 32 feet thick.
The silty sand and silty clayey sand unit underlies the deep sand unit. This unit is

•' ' ' ' ■ ' 
composed of fine-grained sediments, primarily silty sand and silty clayey sand. The unit's vertical

and horizontal extent beneath the leased parcel are not knqywi; ^

7.3 Hydrogeology

Ik

It. ”1
iiiii

7.3.1

1

;
Regional Hv<feogeolc^ll 11

11

•iifi

1;1
#

The Ifdimdwater flow systems in western Washington can be grouped into regional and 

local flow systems. The regional flow systems are generally believed to be deep, long-flow path 

systems that are recharged in the Cascade Mountains and adjacent foothills, and discharge to the 

lower floodplains and terraces of the Puget Sound area. Local groundwater flow systems are 

superimposed on the regional and intermediate systems and are primarily controlled by local 

topographic and geologic conditions.
Regional groundwater flow regimes are believed to underlie the leased parcel, but an 

assessment of their relationships to the local flow system underlying the parcel is not possible with 

the information currently available.
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7.3.2 Site Hydrogeology

Four hydrostratigraphic units, which correspond to the four stratigraphic units, have been 

identified beneath the leased parcel. They are a shallow unconfined aquifer (shallow sand unit), an 

upper confining unit (silty sand unit), a deep confined aquifer (deep sand unit), and a lower 

confining unit (silty sand and silty clayey sand unit)..

Estimates of the shallow aquifer's horizontal hydraulic conductivity from slug tests 

conducted in new monitoring wells vary from 3 x lO'^ cm/sec to 3 x lO’l cm/sec, Hydrauhc head
values in the shallow aquifer vary from approximately 5 to 7 feet bgSj and tlb hd||zontal hydraulic

•aefteath the northerffoortion of thegradient in July of 1993 ranged fi-om approximately 0.00
ll Ikleased parcel to 0.013 beneath the western potion. The aijkoximate overall avera^^direction of 

the gradient was southwesterly.
pper confining unit (silty sand

4.8xl#i^inS%^8.1^ 

deep aq “

Estimates of the vertol hydraulic 

layer), obtained from laboratory ttfeal perm^bility tesl conducted during the RFI, varied from

5 cm/seOv ConS|arison of hydraulic head values in the shallow and 

reveals a do’wn’svard hydraulic gradient across the upper confining unit.
Es&ates of the deep aquifer's horizontal hydraulic conductivity obtained from slug tests

conducted iil fi6w monitoring wells were in the range from 6 x lO"^ cm/sec to 1 x 10'^ cm/sec. 

Water levels measured in the deep aquifer were approximately from 4 to 12 feet bgs during the 

RFI. The horizontal gradient in the deep aquifer is generally toward the south.

7.4 Nature and Extent of Contarhination

This section summarizes the findings of the sampling conducted during the RFI. Sampled 

media include soils, storm drain sediments, groundwaters, and NAPLs. Each of these is discussed 

in a separate section below.
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7.4.1.2SVOCS in Soils

SVOCs detected in soils fall into one of the following categories: substituted phenols, 
low-molecular-weight PAHs, high-molecular-weight PAHs, miscellaneous oxygenated 

compounds, chlorinated aromatics, organonitrogen compounds, and phthalates. The PAHs 

account for most of the SVOCs detected in soils, both in terms of the number of compounds 

detected and in terms of the total concentration. As was the case for VOCs, most of the 

detections correspond to shallow soils from boreholes within the tank farm.
The low-molecular-weight PAHs detected in soils include the following: ^naphthalene, 2-

fJhenanthrene ^ anthracene. 

12%ug/kg (estimaflD to 85,000
methylnaphthalene, acenaphthalene, acenaphthene, flui 
Concentrations of individual detected compounds varied 

ug/kg (estimated). 1 l|k
soils inlljrie the following; fluoranthene.

ihene, benzo(k)fluoranthene, benzo(a)
The high-molecular-w®#ii PAHs de 

pyrene, benzo(a)anthrac«ae, ch^ene, bt-^^ 
pyrene;' indeno(l^-c,d)pfrbne, difee^o(a,flhnthracene, and benzo(g,h,i)perylene. Individual

compou^detectiori^: Varied fe)m 110 ug/kg (estimated) to 61,000 ug/kg.
**

li,
lliiP"»:F'

7.4.1.3TPH in Soils

TPH analyses resulted in detections for every soil sample analyzed during the RFI. TPH 

concentrations generally decrease with depth. Concentrations ranged from 31 mg/kg to 76,000 

mg/kg in shallow soils, and from 14 mg/kg to 35 mg/kg in deeper soils.

7.4.1.4PCBS in Soils

Three PCB Aroclors (Aroclors 1248, 1254 and 1260) were detected in soil samples from 

depths of 1.5 to 6 feet bgs. The detections correspond to boreholes within the Small Yard, MDO 

Yard, and the Black Oil Yard, and one borehole (CP-106B) near the southeast comer of the Small

G;\USERS\LORRAINE\DISK63\7040B.DOC BURLINGTON ENVIRONMENTAL INC.



7-5

7.4.1 Soils

Compounds detected in soils during the RFI include VOCs, SVOCs, TPFH and TPH, 
PCBs, and metals. Each of these groups is discussed under a separate section below.

7.4.1.1 VOCs in Soils

VOCs detected in soils primarily consist of CVOCs, BTEX, and other VOCs. CVOCs
si

iP
II

detected in soils include methylene chloride, l,l-difiW©foethane, cis-l,2-^chloroethene.
trichloroethane, PCE, 1,1,2-trichlorotrifluoroethane, chloroform, TCE, and d|probenzene. 
Nearly all of the detections are associated wlth^shallow soil|irom boreholes located within the

in samples from borehole CP-tank farm. An exceptiorys#Moroform, whiih,yp
'

122B, at depths of 32 ani|39 feet bgs. 1
cdAoundsHire detd^d in ^Is from most of the boreholes. Concentrations of^ ' ii

benzene%shallow soils ran||^ from 73 to 910 ug/kg, toluene from 1.3 ug/kg to 140,000 ug/kg, 
ethylbenzHe from 3.7 ug/kg (estimated) to 30,000 ug/kg, and total xylenes from 1.7 ug/kg 

(•estimated) fO'630,000 ug/kg. The highest concentrations generally correspond to shallow soils 

from boreholes within the tank farm, and to borehole CP-106B, located east of the Small Yard. 

Benzene was not detected in the deeper soils.
Other VOCs detected in soUs include carbon disulfide and three ketones, including 

acetone, 2-butanone and 2-hexanone. Carbon disulfide was detected in soils from five boreholes, 
all of which are located within the tank farm or east of the MDO Yard. The highest 
concentrations (up to 3500 ug/kg) of carbon disulfide correspond to shallow soils. The majority 

of the ketone detections, and the highest concentrations, correspond to shallow soils.
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Yard. The highest concentration was that of Aroclor 1260, detected at 85 mg/kg in borehole HA- 

3 at 6 feet bgs. In all other detections the levels were less than 5 mg/kg.

7.4.1.5 Metals in Soils

Silver was detected in two boreholes, at levels less than 0.5 mg/kg. Arsenic was detected 

in all of the boreholes, at concentrations ranging from 0.59 mg/kg to 13.0 mg^PBarium was 

also detected in all of the soil samples, at levels of 10.9 mg/kg to 271 -lig/kll Beryllium and
_' ;iicadmium were present in all soil samples at concentrations feetween 0.18 and 0^7 mg/kg, and 

between 0.20 mg/kg and 4.2 mg/kg, respectively. 11-
Chromium and copper were detected in all of the samples tested, at levels ranging from

9.9 mg/kg to 96.2 mg/k&siiisfrom 3.7 ^ 54.4 mg^g, respectively. Mercury was
^ ® II

detected in 12 of the bor^oles, at?i^ncentrati|ns up to 5fl6 mg/kg. Nickel was detected in every

soil sarnuie at coric^ntratioMbetween'U.O mjfkg and 48.0 mg/kg.
'll. ii: II

lead ahi zinc ^re detected in all of the soil samples. Lead concentrations were
11: :ilreported u||to 326:||^g. Zinc levels varied from 13.5 mg/kg to 395 mg/kg.

7.4.2 Storm Drain Sediments

TPFH analyses were positive for all of the storm drain sediment samples, at levels ranging 

from 20,000 mg/kg to 340,000 mg/kg. TPH was also present in all of the storm drain sediment 
samples at concentrations ranging from 86,000 mg/kg to 270,000 mg/kg.

SVOCs detected in the storm drain sediments include both low-molecular-weight and 

high-molecular-weight PAHs, and bis(2-ethylhexyl)phthalate. Quantifiable levels of individual 
SVOCs varied from 100,000 ug/kg to 520,000 ug/kg. In some cases only estimated 

concentrations of individual compounds were reported. These estimates ranged from 14,000 

ug/kg to 3,700,000 ug/kg.
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7.4.3 Groundwater

This section summarizes the nature and extent of contamination in the groundwater 

beneath the Burlington Pier 91 facility. Sampling results for shallow and deep groundwater are 

discussed in Sections 7.4.3.1 and 7.4.3.2, respectively. The nature and extent of NAPLs in the 

subsurface are summarized in Section 7.4.4.

7.4.3.1 Shallow Groundwater

Components detected in the shallo\ fCfsndwater

spp-

ip

II
ll.
II.

ing either the April 1993 or July

1993 sampling events includ&#s|^|, SVOC&, 'TPlP(t»cluding TPPH), PCBs, and metals.
VOCs detected in. the sh^w aquifer^ consist jlfmarily of CVOCs and BTEX. CVOC 

concenlifftibns e?<mding MCLs inclod-e vinyl chloride (3.8 ug/1 to 39 ug/1) and TCE (7.4 ug/1 to

49 ue/1) %he MCLilbr vinllchloride and TCE are 2 ug/1 and 5 ug/1. The highest concentrations 

1^ ...of CVOCli|re in ttis eastern portion of the Small Yard and the MDO Yard and are centered

around well CP-117.
BTEX compounds were detected in most of the shallow monitoring wells during both 

sampling events, but concentrations of BTEX in groundwater do not exceed the corresponding 

MCLs, except at well CP-117. At weU CP-117, toluene was detected at 1,800 ug/1 and 2,100 ug/1 

(the MCL is 1,000 ug/1), ethyl benzene was detected at 4,100 ug/1 (the MCL is 700 ug/1), and 

total xylenes were detected at 10,000 ug/1 and 11,000 ug/1 (the MCL is 10,000 ug/1). Like the 

distribution of CVOCs in shallow groundwater, total BTEX concentrations appear to be highest 

in the area of the Small Yard and MDO Yard.
SVOCs were detected in numerous wells during both sampling events. Detected SVOCs 

were primarily PAHs. With the exception of benzo(k)fluoranthene, which was detected at a 

concentration of 2.3 ug/1 in well W-10 (the MCL is 0.2 ug/1), MCLs have not been established for 

these compounds. The total concentration of SVOCs in shallow groundwater appears to be 

highest beneath the MDO Yard.
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TPFH was detected in numerous wells, at levels ranging from 1.6 mg/1 to 100 mg/1. TPH 

detections varied from 1.3 mg/1 to 190 mg/1. The highest concentrations were generally 

associated with groundwater from wells located in, or dovmgradient from, the tank farm

PCB Aroclor 1254 was detected in groundwater from well CP-119 during both the April 

1993 and July 1993 sampling events, at concentrations of 0.41 ug/1 and 0.19 ug/1 (estimated). 

The MCL for PCBs is 0.50 ug/1.
No dissolved metals were detected in shallow groundwater. However, the total metals

analyses resulted in detections of chromium, copper, lead, arsenic, and zinc.
of chromium, copper, and arsenic were all well below the respective MCLf for 

detected lead levels were well below the USEPA's action levd for lead (at tap).

hgjpbncentrations 

ese metals. The 

X detected zinc

levels are well below the USEPA's SMCL for zinc. iril

7.4.3.2 Deep Gfroundwat
...

’Ik

I
P'-

I
ik

. lytes detHted in Idieep groundwater are grouped into the following categories: VOCs,

SVOCs, (and TPFH), PCBs and metals.
SevdM VOCs were detected in the deep aquifer. TCE was detected in five deep wells at 

concentrations ranging from 2.6 ug/1 (estimated) to 27 ug/1. TCE concentrations at four wells 

(CP-103B, CP-104B, CP-105B and CP-108B) exceeded the USEPA's MCL of 5 ug/1 for TCE 

during both the April 1993 and July 1993 sampling events. Based on these results, it appears that 

the highest concentrations of TCE in the deep aquifer are along the perimeter of the leased parcel.

The CVOC 1,1-dichloroethahe was detected at a level of 1.9 ug/1 in one well. There is no 

MCL for this compound. In addition, BTEX compounds were detected in deep wells during the 

April 1993 event, but the levels were under well below the corresponding MCLs.

Phenol was detected in well CP-104B during the July 1993 sampling event at a 

concentration of 5.6 ug/1. No MCL has been established for phenol.

The only TPFH or TPH detection in deep groundwater was at well CP-122B during the 

July 1993 sampling event. TPH was detected at 8.9 mg/1. No MCLs have been established for 

TPH.
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No PCBs were detected in any of the deep groundwater samples during either the April 

1993 or July 1993 sampling events.
Of the dissolved metals, only chromium was detected (in four wells). The concentrations 

were well below the MCL for chromium.
For total metals, there were detections of copper, chromium, nickel, lead and zinc in the 

deep aquifer. None of the metal concentrations exceeded the corresponding MCL, SMCL, or 

action level established by USEPA.

7.4.4 Nonaqueous-Phase Liquids

t 1
No DNAPLs were detected in any of the wells. LNAPLs were detected in wells located

:el, and itilvreltsiiiated wi1& the tank farm. Due to capillarynear .he west side of.he ---- -----------
effects, the thickness ofMJAPL liprs floati^ in wells%e not expected to accurately represent

'ayer in formation.the thiciiieSs of f

I^asured si^ific gl||dties of LNAPL samples varied from 0.82 to 0.95. Six of seven
w-

LNAPL sliiples were reported to contain gasoline-range hydrocarbons at levels in excess of 20 

mg/kg. All If fie LNAPL samples were reported to contain diesel-range hydrocarbons at levels 

in excess of 50 mg/kg. Three of the samples were found to contain heavy-oil-range hydrocarbons 

at levels in excess of 100 mg/kg.

7.5 Conclusions

This RFI meets the general objectives of the approved RFI work plan as well as the 

specific objectives presented in Section 1.4 of this report. Limitations of this RFI are primarily 

concerned with the nature and extent of off-site contamination and identification of off-site 

sources for contamination detected at the facility.
The soil and shallow groundwater beneath the Burlington Pier 91 facility have been 

impacted by various organic compounds including VOCs, SVOCs, TPH, and PCBs. The majority
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of the constituents in the soil and groundwater are associated with petroleum products such as 

diesel fuel and bunker oil. Elevated levels of petroleum-related compounds are fairly widespread 

across the site.
To a lesser extent, soil and shallow groundwater beneath the site have been impacted by 

chlorinated solvents including TCE and 1,1-DCA. Elevated levels of chlorinated solvents are 

primarily found in the eastern portion of the Small Yard and the MDO Yard.

The deep aquifer beneath the site has been impacted by TCE. The MCL for TCE was 

exceeded slightly in four of the seven deep wells during the April and July sampling events.

Elevated concentrations of TCE were found in the northern and southern portions of the site.
iisiP 1.Elevated levels of PAHs and TPH were found in sc^PSiitside of the leased parcel. The

majority of the impacted soils were southwest of the sits^ between the MDO %rd and the
pl'ik . . .

southwest comer of the cold storage warehouse. No other sipiificantly elevated levels of orgamc

compounds were found in soils.
Elevated concd|tratiori; CVOCs ■ BTEX, fhd SVOCs were found off site in the

shallow gfoundwttjer wesflpd souf||yest oPthe site. In general, the constituents are present

downgriipnt of thd||ite. However, chlorinated compounds in the shallow groundwater are also 

present in li^ficani^oncentrations northwest of the site, which is cross-gradient to the dominant 

flow directidh ift the shallow aquifer. The source of these constituents has not been assessed.

TCE is also present in concentrations exceeding the MCL in the deep aquifer off site. 

The two impacted areas include wells CP-103B and CP-108B south of the site, and wells CP- 

104B and CP-105B north and northwest of the site.

Based on the results of this RFI, elevated concentrations of various organic constituents 

are present on- and off-site. Future RFI work should focus on identifying off-site sources for 

these constituents and assessing the nature and extent of off-site contamination that resulted from 

past management practices at the facility during Burlington operations. The detection of 

contamination up- and cross-gradient of areas managed or operated by Burlington suggests others 

may have contributed to the contamination present at the site. Therefore, off-site RFI work plan 

should be developed that proposes an integrated, comprehensive approach to address these two 

objectives.

II. II:
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